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FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

DISCLAIMER

Specific hardware and software products identified in this report were used in order to perform the evalua-
tions described in this document. In no case does identification of any commercial product, trade name, or
vendor, imply recommendation or endorsement by the National Institute of Standards and Technology, nor
does it imply that the products and equipment identified are necessarily the best available for the purpose.

ABOUT THIS REPORT

This report is a draft NIST Interagency Report, and is open for comment. It documents the verification-track
of the ongoing Face Recognition Vendor Test. The report will be updated continuously as new algorithms are
evaluated, as new datasets are added, and as new analyses are included. Comments and suggestions should
be directed to frvt@nist.gov.
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1 News

2017-01-05
> NIST’s evaluation of 1:N identification algorithms starts January 22, with algorithm submission deadline February
16.
> NIST’s evaluation of 1:1 algorithms will close starting February 12, and will resume in May.
> The 1:N test will use N well in excess of 107.

> The 1:N API and concept document is linked from here.

2 Changelog

2018-01-24

> Added results for first algorithms from Gemalto Cogent, Intellivision and Ultinous.

> Added full or partial results for new algorithms from Idemia (Morpho), NTechLab, Shaman, Tevian, and Toshiba,
and from Fudan and ITMO universities.

> Added entries for Fudan University which had incorrectly been omitted from Tables 1 and 3.

> Retired results for itmo-001, ntechlab-001, vocord-001, and vigilantsolutions-001 - FRVT lists only the two most
recent algorithms per organization.

> Added GPU vs CPU shape designators to the tradeoff summaries in Figures 1 and 2.
> We expect to produce another edition of this FRVT report on February 13.

2017-12-14

> Added results for algorithms from Aware, RankOne, Shaman, and Tevian.
> Retired results for RankOne-000 - FRVT lists only the two most recent algorithms per organization.
> New description of wild images in section 5.2

> New Figure 23 showing FMR for impostors of same age, sex and worst-case region.

2017-11-16

> Added results for algorithms from 3DiVi, Dermalog, Neurotechnology and Ping An.

> Retired results for 3DiVi-000, dermalog-002, and neurotechnology-000 - FRVT lists only two algorithms per orga-
nization.

> Retired results for vcognition-001 as the algorithm was inoperable on at least one dataset.
> Added cross-pose recognition heatmaps for the wild images, Figures 10 and 11.

> Added Figure 14 to compare effect of providing whole vs. face-cropped child exploitation images.

2017-10-03

> Added results for algorithms from 3DiVi, Camvi, Idemia, Noblis, N-TechLab, and Visionlabs.
> Added partial results for two algorithms from Zhuhai Yisheng.

> The ntechlab-000 algorithm has been retired - FRVT lists only two algorithms per organization.
> Corrected fixed FMR operating point in the legends of some DET plots.
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2017-08-22

> Added results for three additional algorithms, rankone-002, neurotechnology-001, and itmo-002.

> The algorithms dermalog-001 and rank-001 have been retired - FRVT lists only two algorithms per organization
> The algorithm tupel-001 has been retired as it is not operable on all datasets

> Clarified the tradeoff Figures 1 and 2 plot only genuine comparison durations.

> Corrected image type label in section 4.5

2017-08-07

> Added results for 5 new algorithms

> Added Figure 3 giving simulated example images.

> Added Figure 1 showing an alternative view of the same tradeoff data in Figure 2
> Added Figure 5 showing accuracy on visa images just for low FMR.

> Added Figure 24 showing impostor distribution shifts from certain country pairs. Section 5.6.1 in this and prior
reports documents high false match rates for individuals from certain countries. That effect, however, is often not
confined to anomalously high impostor scores in the tails of the distribution, but arises from systematic shifts of
the whole distribution. These shifts sometimes reach 2o.

2017-07-29

> Added results for 8 new algorithms

> Added results for a child-exploitation dataset

> Added Table 2 a standalone tabulation of false non-match rates

> We have received additional CPU algorithms - Results should appear August 4, 2017

> We have received additional GPU algorithms - Results to appear as computational resources are released from the
Face Recognition Prize Challenge

2017-06-19

> Added five new algorithms, three of which remain in-process
> Added results for a “wild” dataset of images similar to non-cooperative photojournalism images

Added Table 3 a standalone tabulation of failure to enrol rates

v

v

Added Fig. 2 showing tradeoff between FNMR, template size, template generation time, and match duration.

v

Added Fig. 19 showing how FMR is concentrated in certain images.

v

Restated cross-region false match rates at nominal FMR = 0.0001 instead of 0.001

v

Improved DET legends.
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https://www.nist.gov/programs-projects/face-recognition-prize-challenge

60:6G:11 ST/T0/810C

(LN
(L)MANA

1Bl Ydjew as[e,],,

,,21eI UDJew-uou as[ey,,

[ | Developer Short [ Seq. [ Validation | Config" | Template [ GPU | Comparison Time (ns) ]

[ ] Name Name ] Num. ] Date ] Data (KB) ] Size (B) ‘ Time (ms)? ] [ Genuine ] Impostor ]
1 3DiVi 3divi 001 2017-06-22 | 190867 104096 + 0 23274 + 47 | Yes 0636 + 19 0634 + 16
2 3DiVi 3divi 002 2017-10-20 | 190867 724096 & 0 77279 £ 48 | Yes 12692 4 22 13707 + 26
3 Aware aware 000 2017-10-27 | 240240 221572 £ 0 11655 + 26 | No Y4030 + 83 292984 + 152
4 Aware aware 001 2017-10-27 | 240240 731572 £ 0 72656 + 26 | No 252902 + 51 272810 + 111
5 | Ayonix ayonix 000 2017-06-22 | 58505 771036 & 0 18 +2 No 7621 4+ 23 7620 + 26
6 Camvi Technologies camvitech 001 2017-09-13 | 118759 51024 + 0 8181+ 6 No 5481 + 16 487 £ 23
7 Gemalto Cogent cogent 000 2018-01-12 | 633812 1439 + 0 33511 £ 7 No 359541 + 54 359500 + 51
8 Cyberextruder cyberex 001 2017-08-02 | 121211 7256 + 0 78893 + 25 | No 81083 + 16 291079 + 19
9 | Dermalog dermalog 003 2017-07-10 | 0 751043 £+ 0 2121 +£22 | No 5922957 + 93 7122808 + 131
10 | Dermalog dermalog 004 2017-10-26 | 0 128 £0 15149 + 5 No 5490 + 26 T471 £ 26
11 | Digital Barriers barriers 000 2017-05-31 | 157794 282056 + 0 9104 + 0 No 5713232 + 166 5813226 + 146
12 | Digital Barriers barriers 001 2017-07-20 | 236915 302056 + 0 75294 + 1 No 3612311 + 164 5712347 + 197
13 | Fudan University fudan 000 2017-11-22 | 202296 1534 £ 0 “84+0 Yes 71713 £+ 28 #91715 £ 20
14 | ID3 Technology id3 001 2017-08-04 | 225574 19520 £ 0 19238 £ 19 | No 171058 + 32 191049 + 28
15 | ID3 Technology id3 002 2017-08-04 | 225574 7520 £ 0 482434 | No 191100 £ 59 781048 + 32
16 | Innovatrics innova 000 2017-07-25 | 0 5146 + 0 35578 £ 5 No 374964 + 63 334665 + 262
17 | Innovatrics innova 001 2017-07-25 | 0 9284 £+ 0 39645 + 5 No 335506 + 131 374975 + 308
18 | Intellivision intellivision | 001 2017-10-10 | 43692 312056 + 0 162 +2 No 212573 + 91 252544 + 38
19 | IsTt You isityou 000 2017-06-26 | 48010 7819200+ 0 | TT113+5 No 78237517 + 1318 | ©237374 + 1279
20 | Innovation Systems isystems 000 2018-01-11 | 209270 751024 + 0 5154 +4 | No 5398 + 14 7396 + 16
21 [ ITMO University itmo 002 2017-08-07 | 1923215 4162 £ 0 37611+ 17 | No 317423 + 96 357451 + 94
22 | Idemia morpho 000 2017-07-11 | 100806 116+ 0 10709 £+ 1 No 16993 + 31 T71000 + 34
23 | Idemia morpho 002 2017-12-28 | 383021 10352 £ 0 TT411+£7 | No 53620 + 94 752481 + 65
24 | Neurotechnology neurotech 001 2017-08-07 | 280771 352718 £ 0 17881+ 46 | No 1569356 + 684 1569140 + 579
25 | Neurotechnology neurotech 002 2017-11-02 | 280771 972718 £0 [ °581+£6 [ No 7768738 £ 748 768905 + 993
26 | Noblis noblis 000 2017-07-05 | 713573 91061 + 0 7174+ 20 | Yes U1343 + 45 221373 + 56
27 | N-Tech Lab ntech 002 2017-08-23 | 894169 06744 £ 1 78330 £ 11 | No 7682508 + 213 7682524 4 220
28 | N-Tech Lab ntech 003 2017-12-29 | 1422738 382906 + 1 128+ 3 Yes 1135327 4+ 117 7235371 + 123
29 | Ping An Technology Pingan 002 2017-09-25 | 442564 718436 £0 | TT132£7 [ Yes 773088 & 32 793051 + 28
30 | Rank One Computing rankone 002 2017-08-18 | 0 522440 5754+ 1 No 1169113 + 3802 | 2369 + 26
31 | Rank One Computing rankone 003 2017-11-28 | 0 5228 £ 0 737 +1 No 1322 £ 20 7324 £ 19
32 | Samtech InfoNet Limited samtech 000 2017-05-02 | 109774 292056 + 0 21262 +2 No 314550 + 26 524541 + 28
33 | Shaman Software shaman 000 2017-12-05 | 0 714096 & 0 10653 £ 16 | No 7380 + 25 3379 + 31
34 | Shaman Software shaman 001 2018-01-13 | 0 394096 + 0 26294 + 2 No 9635 + 19 5441 + 25
35 | Tevian tevian 001 2018-01-19 | 455746 272048 £ 0 20242 +14 | No 7430 + 38 5427 + 23
36 | TongYi Transportation Technology tongyi 001 2017-04-01 | 625339 522058 +£0 | 27310 +20 | No 17769 + 74 3917750 + 63
37 [ TongYi Transportation Technology tongyi 002 2017-07-15 | 625336 332058 + 0 29356 +£35 | No 7029816 + 281 017799 + 127
38 | Toshiba toshiba 000 2018-01-11 | 3893310 211812 £ 0 31528 + 3 Yes 32255 + 60 212251 + 53
39 | Toshiba toshiba 001 2018-01-11 | 3893310 352580 + 0 %615 + 3 Yes 252900 + 80 782881 + 60
40 | Ultinous ultinous 000 2017-12-18 | 90803 34100 + 0 353+ 0 Yes 304263 + 50 514262 + 42
41 | VCognition vcog 002 2017-06-12 | 3229434 1961504 £5 | 7357 £25 | No 79206154 + 3077 | 79296436 + 4183
42 | Vigilant Solutions vigilant 002 2017-09-28 | 344137 772060 £ 0 7844 £ 2 No 1679 £ 10 7680 £7
43 | Vigilant Solutions vigilant 003 2018-01-23 | 343048 211548 £ 0 15824 + 3 No 634 £ 19 1638 + 17
44 | VisionLabs visionlabs 001 2017-06-12 | 343661 7204+ 0 79943 + 8 No 211395 + 45 271148 £ 53
45 | VisionLabs visionlabs 002 2017-09-08 | 591936 264+ 0 22265 + 8 No 796 + 35 15799 + 31
46 | Vocord vocord 002 2017-06-07 | 918292 201330 £+ 0 1782 +36 | Yes 7783063 + 517 1783072 & 714
47 | Zhuhai Yisheng Electronics Technology | yisheng 000 2017-08-17 | 122704 202048 £ 0 103 + 1 Yes 13790 + 23 1789 £ 20
48 | Zuhai Yisheng Electronics Technology yisheng 001 2017-08-17 | 120112 272048 £ 0 7103 £ 1 Yes 2906 =+ 31 0905 £ 25

[ 49 [ Shanghai Yitu Technology yitu [ 000 2017-05-23 [ 2211068 | ™4130£0 [ Te72+£2 [ No [ ™35352+114 | 37848 £1773 |

Notes

1 | The configuration size does not capture static data included in libraries. We do not count these because some algorithms include common ancilliary libraries for image
processing (e.g. openCV) or numerical computation (e.g. blas).

2 | The median template creation times are measured on Intel ® Xeon®CPU E5-2630 v4 @ 2.20GHz processors or, for GPU-enabled implementations, NVidia Tesla K40.

3 | The comparison durations, in nanoseconds, are estimated using std::chrono::high_resolution_clock which on the machine in (2) counts Ins clock ticks. Precision is some-
what worse than that however. The =+ value is the median absolute deviation times 1.48 for Normal consistency.
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FALSE NON-MATCH RATE (FNMR)
Algorithm CONSTRAINED, COOPERATIVE ] LESS CONSTRAINED, NON-COOPERATIVE
Name VISA | visA [ MUGSHOT | WEBCAM | SELFIE [  WILD [ CHILD EXP
[ FMR [ 1E-06 [ 0.0001 [ 0.0001 [ 0.0001 [ 0.0001 | 0.0001 ] 0.01 |
1 3divi-001 0.154 0.020 0.030 0.001 0.046 0.492 0.549
2 3divi-002 0.154 0.021 0.033 0.001 0.049 0.495 0.561
3 aware-000 0.309 0.054 0.045 0.003 0.046 0.948 0.808
4 aware-001 0.309 0.054 0.045 0.004 0.046 0.993 0.952
5 ayonix-000 0.487 0.230 0.309 0.172 0.360 0.807 0.843
6 camvi-001 0.538 0.183 0.323 0.106 0.268 0.743 0.763
7 cogent-000 0.084 0.012 0.018 0.001 0.014 0.508 0.759
8 cyberextruder-001 0.255 0.076 0.165 0.029 0.144 0.853 0.780
9 dermalog-003 0.280 0.112 0.202 0.041 0.115 0.693 0.845
10 | dermalog-004 0.240 0.093 0.131 0.016 0.121 0.996 0.960
11 digitalbarriers-000 0.463 0.161 0.184 0.045 0.170 0.741 0.771
12 digitalbarriers-001 0.502 0.155 0.041 0.029 0.115 0.678 0.731
13 fdu-000 0.058 0.016 0.021 0.001 0.009 0.549 0.706
14 | fdu-001 0.044 0.017 0.024 - - - 0.657
15 | id3-001 0.250 0.063 0.036 0.002 0.040 0.765 0.688
16 | id3-002 0.239 0.057 0.032 0.003 0.037 0.810 0.686
17 | innovatrics-000 0.191 0.034 0.046 0.001 0.040 0.720 0.852
18 | innovatrics-001 0.183 0.034 0.043 0.001 0.043 0.643 0.815
19 intellivision-001 0.221 0.042 0.037 0.021 0.066 0.878 0.777
20 isityou-000 0.703 0.414 0.680 0.690 - 1.000 -
21 | isystems-000 0.179 0.043 0.064 0.008 0.049 0.678 0.736
22 | itmo-002 0.287 0.050 0.047 0.036 0.069 0.892 0.783
23 | itmo-003 0.140 0.020 - - - - -
24 | morpho-000 0.134 0.026 0.028 0.007 0.012 0.893 0.846
25 | morpho-002 0.068 0.009 0.019 0.000 0.006 0.607 0.631
26 neurotechnology-001 0.222 0.044 0.046 0.001 0.017 0.817 0.533
27 neurotechnology-002 0.166 0.036 0.041 0.000 0.020 0.427 0.683
28 noblis-000 0.542 0.212 0.349 0.153 0.239 0.875 0.757
29 | ntechlab-002 0.065 0.021 0.023 0.003 0.014 0.324 0.459
30 | ntechlab-003 0.039 0.011 0.019 0.003 0.014 0.271 0.433
31 [ pa-002 0.286 0.086 0.041 0.010 0.043 0.633 0.722
32 | rankone-002 0.217 0.049 0.032 0.000 0.052 0.705 0.778
33 rankone-003 0.184 0.038 0.028 0.000 0.040 0.674 0.777
34 samtech-000 0.443 0.161 0.044 0.021 0.063 0.878 0.765
85} shaman-000 0.977 0.913 0.968 0.992 0.997 0.995 0.962
36 | shaman-001 0.462 0.136 0.083 0.030 0.115 0.775 0.899
37 | tevian-000 0.129 0.036 0.022 0.002 0.009 0.500 0.601
38 | tevian-001 0.127 0.033 0.021 0.002 0.006 0.448 -
39 | tiger-001 - - 0.398 0.015 0.046 - -
40 | tongyitrans-001 0.072 0.038 0.041 0.009 0.063 0.704 0.743
41 tongyitrans-002 0.066 0.030 0.039 0.010 0.063 0.725 0.746
42 toshiba-000 0.290 0.069 0.039 - - - 0.743
43 | toshiba-001 0.193 0.033 - - - - -
44 | ultinous-000 0.348 0.076 0.073 0.005 0.040 0.979 -
45 | vcog-002 0.903 0.504 0.692 0.559 0.666 0.778 0.752
46 vigilantsolutions-002 0.321 0.087 0.092 0.018 0.075 0.675 0.722
47 vigilantsolutions-003 0.267 0.068 0.057 0.001 0.037 0.571 -
48 visionlabs-001 0.180 0.030 0.024 0.001 0.014 0.591 0.561
49 visionlabs-002 0.051 0.014 0.020 0.001 0.017 0.397 0.556
50 | vocord-002 0.034 0.013 0.019 0.011 0.012 0.948 0.762
51 | yisheng-000 0.199 0.037 0.029 0.000 0.035 0.686 0.749
52 | yisheng-001 0.160 0.032 0.048 0.000 0.043 0.628 0.756
[ 53 [ yitu-000 [ 0.033 [ 0.021 [ 0.017 [ 0.000 [ 0.012 [ 0.431 [ 0.586 |

Table 2: FNMR is the proportion of mated comparisons below a threshold set to achieve the FMR given in the header on the fourth
row. FMR is the proportion of impostor comparisons at or above that threshold. Note that the webcam and selfie values apply to
images collected on the same day, and that will often yield optimisticlly low FNMR values.
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3 Metrics

3.1 Core accuracy

Given a vector of N genuine scores, u, the false non-match rate (FNMR) is computed as the proportion below some
threshold, T:
XN
FNMR(T) =1 - Z; H(u; —T) (1)
where H () is the unit step function, and H(0) taken to be 1.

Similarly, given a vector of N impostor scores, v, the false match rate (FMR) is computed as the proportion above T:
XN
FMR(T) = ; H(v; —T) )

The threshold, T, can take on any value. We typically generate a set of thresholds from quantiles of the observed impostor
scores, v, as follows. Given some interesting false match rate range, [FMRy,, FMRy/|, we form a vector of K thresholds
corresponding to FMR measurements evenly spaced on a logarithmic scale

Tr = Qu(1 — FMRy,) 3)

where () is the quantile function, and FMR;, comes from
k
log,o FMR}; = log;, FMR, + X [log;o FMRy — log,o FMR[] 4)
Error tradeoff characteristics are plots of FNMR(T) vs. FMR(T). These are plotted with FMRy — 1 and FMRy, as low

as is sustained by the number of impostor comparisons, N. This is somewhat higher than the “rule of three” limit 3/N
because samples are not independent, due to re-use of images.

FNMR(T)  “False non-match rate”
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4 Datasets

4.1

4.2

4.3

Child exploitation images

The number of images is O(10%).
The number of subjects is O(10%).
The number of subjects with two images O(10%).

The images are operational. They are taken from ongoing investigations of child exploitation crimes. The images
are arbitrarily unconstrained. Pose varies considerably around all three axes, including subject lying down. Res-
olution varies very widely. Faces can be occluded by other objects, including hair and hands. Lighting varies,
although the images are intended for human viewing. Mis-focus is rare. Images are given to the algorithm without
any cropping; faces may occupy widely varying areas.

The images are usually large from contemporary cameras. The mean interocular distance (IOD) is 70 pixels.
The images are of subjects from several countries, due to the global production of this imagery.

The images are of children, from infancy to late adolescence.

All of the images are live capture, none are scanned. Many have been cropped.

When these images are input to the algorithm, they are labelled as being of type "EXPLOITATION" - see Table 4 of
the FRVT APL

Visa images

The number of images is O(10).

The number of subjects is O(10°).

The number of subjects with two images O(10%).

The images have geometry in reasonable conformance with the ISO/IEC 19794-5 Full Frontal image type. Pose is
generally excellent.

The images are of size 252x300 pixels. The mean interocular distance (IOD) is 69 pixels.

The images are of subjects from greater than 100 countries, with significant imbalance due to visa issuance patterns.
The images are of subjects of all ages, including children, again with imbalance due to visa issuance demand.
Many of the images are live capture. A substantial number of the images are photographs of paper photographs.

When these images are input to the algorithm, they are labelled as being of type "ISO” - see Table 4 of the FRVT
APIL.

Mugshot images

The number of images is O(10°).
The number of subjects is O(10°).

The number of subjects with two images O(10°).

2018/01/25 11:59:09
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4.4

4.5

The images have geometry in reasonable conformance with the ISO/IEC 19794-5 Full Frontal image type.
The images are of variable sizes. The median IOD is 104 pixels. The mean IOD is 123 pixels.

The images are of subjects from the United States.

The images are of adults.

The images are all live capture.

When these images are input to the algorithm, they are labelled as being of type “mugshot” - see Table 4 of the
FRVT API.

Selfie images

The number of images is below 500.

The number of subjects is below 500.

All subjects have a selfie image, and a portrait image.

The portrait images are in reasonable conformance with the ISO/IEC 19794-5 Full Frontal image type.

The selfie images vary: taken with camera above and below eye level, with one hand or two hands. Pitch angles
vary more than yaw angles, which are frontal. Some perspective distortion is evident.

The images have mean IOD of 140 pixels.

The images are of subjects from the United States.
The images are of adults.

The images are all live capture.

When these images are input to the algorithm, they are labelled as being of type “WILD” - see Table 4 of the FRVT
APIL.

Webcam images

The number of images is below 1500.

The number of subjects is below 1500.

All subjects have a webcam image, and a portrait image.

The portrait images are in reasonable conformance with the ISO/IEC 19794-5 Full Frontal image type.

The webcam images are taken with camera at a typical head height, with mild pitch angles, low yaw angles, but
some variation in range, such that low perspective distortion is sometimes evident.

The images have mean IOD of 68 pixels (sd=12).
The images are of subjects from the United States.
The images are of adults.

The images are all live capture.

When these images are input to the algorithm, they are labelled as being of type "MUGSHOT” - see Table 4 of the
FRVT APIL

2018/01/25 11:59:09
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' 4
4

(a) Visa (b) Mugshot (c) Webcam (d) Selfie (e) Wild

Figure 3: The figure gives simulated samples of image types used in this report.

4.6 Wild images

> The number of images is O(10).
> The number of subjects is O(103).
> The number of subjects with two images O(103).

> The images include many photojournalism-style images. Images are given to the algorithm using a variable but
generally tight crop of the head. Resolution varies very widely. The images are very unconstrained, with wide yaw
and pitch pose variation. Faces can be occluded, including hair and hands.

> The images are of adults.
> All of the images are live capture, none are scanned.

> When these images are input to the algorithm, they are labelled as being of type "WILD” - see Table 4 of the FRVT
APIL.

5 Results

5.1 Test goals

> To state overall accuracy.

> To compare algorithms.

5.2 Test design
Method: For wild images:

> The comparisons are of wild photos against wild photos.
> The number of genuine comparisons is O(10°).

> The number of impostor comparisons is O(107).

0. FNMR(T)  “False non-match rate”
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> The comparisons are fully zero-effort, meaning impostors are paired without attention to sex, age or other covari-
ates.

> The number of persons is O(10%).
> The number of images used to make 1 template is 1.

> The number of templates used to make each comparison score is two corresponding to simple one-to-one verifica-
tion.

Method: For visa images:

> The comparisons are of visa photos against visa photos.
> The number of genuine comparisons is O(10%).
> The number of impostor comparisons is O(10'").

> The comparisons are fully zero-effort, meaning impostors are paired without attention to sex, age or other covari-
ates. However, later analysis is conducted on subsets.

> The number of persons is O(10°).
> The number of images used to make 1 template is 1.

> The number of templates used to make each comparison score is two corresponding to simple one-to-one verifica-
tion.

For mugshot images:

> The comparisons are of mugshot photos against mugshot photos.
> The number of genuine comparisons is O(10°).
> The number of impostor comparisons is O(107).

> The comparisons are fully zero-effort, meaning impostors are paired without attention to sex, age or other covari-
ates.

> The number of persons is O(10%).
> The number of images used to make 1 template is 1.

> The number of templates used to make each comparison score is two corresponding to simple one-to-one verifica-
tion.

For selfie images:

> The comparisons are of selfie photos against portrait photos.
> The number of genuine comparisons is O(10?).
> The number of impostor comparisons is O(10°) selfies are compared with portraits of O(10°) other subjects.

> The comparisons are fully zero-effort, meaning impostors are paired without attention to sex, age or other covari-
ates.

> The number of persons is O(10°).

> The number of images used to make 1 template is 1.

FNMR(T)  “False non-match rate”
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>

The number of templates used to make each comparison score is two corresponding to simple one-to-one verifica-
tion.

For webcam images:

>

The comparisons are of webcam photos against portrait photos.
The number of genuine comparisons is O(103).
The number of impostor comparisons is O(10%) webcams are compared with portraits of O(10°) other subjects.

The comparisons are fully zero-effort, meaning impostors are paired without attention to sex, age or other covari-
ates.

The number of persons is O(10°).
The number of images used to make 1 template is 1.

The number of templates used to make each comparison score is two corresponding to simple one-to-one verifica-
tion.

For child exploitation images:

The comparisons are of unconstrained child exploitation photos against others of the same type.
The number of genuine comparisons is O(10%).
The number of impostor comparisons is O(107).

The comparisons are fully zero-effort, meaning impostors are paired without attention to sex, age or other covari-
ates.

The number of persons is O(10%).
The number of images used to make 1 template is 1.

The number of templates used to make each comparison score is two corresponding to simple one-to-one verifica-
tion.

We produce two performance statements. First, is a DET as used for visa and mugshot images. The second is
a cumulative match characteristic (CMC) summarizing a simulated one-to-many search process. This is done as
follows.

— We regard M enrollment templates as items in a gallery.

— These M templates come from M > N individuals, because multiple images of a subject are present in the
gallery under separate identifiers.

— We regard the verification templates as search templates.
— For each search we compute the rank of the highest scoring mate.

— This process should properly be conducted with a 1:N algorithm, such as those tested in NIST IR 8009. We
use the 1:1 algorithms in a simulated 1:N mode here to a) better reflect what a child exploitation analyst does,
and b) to do show algorithm efficacy is better than that revealed in the verification DETs.

2018/01/25 11:59:09
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5.3 Failure to enrol

‘ Algorithm ‘ Failure to Enrol Rate® ‘

| Name | CHILD-EXPLOIT | MUGSHOT |  SELFIES | VISA [ weBCAM | WILD |
3divi-001 0.2006 0.0019 0.0202 0.0007 0.0020 0.1898
3divi-002 0.3103 0.0039 0.0376 0.0010 0.0027 0.2413
aware-000 0.4663 0.0018 0.0231 0.0005 0.0055 0.2444
aware-001 0.1897 0.0010 0.0145 0.0002 0.0048 0.1431
ayonix-000 0.0000 0.0109 0.0751 0.0137 0.0109 0.0000
camvi-001 0.3931 0.0033 0.0231 0.0010 0.0027 0.3767
cogent-000 0.2914 0.0011 0.0029 0.0005 0.0020 0.2200
cyberextruder-001 0.5338 0.0036 0.0376 0.0029 0.0205 0.5730
dermalog-003 0.0434 0.0007 0.0000 0.0025 0.0007 0.0701
dermalog-004 0.3110 0.0031 0.0087 0.0090 0.0020 0.2050
digitalbarriers-000 0.5469 0.0043 0.0925 0.0019 0.0184 0.5170
digitalbarriers-001 0.5102 0.0044 0.0925 0.0018 0.0232 0.4593
fdu-000 0.4992 0.0025 0.0029 0.0011 0.0020 0.3437
fdu-001 0.1380 0.0015 - 0.0009 - -
id3-001 0.3411 0.0043 0.0260 0.0043 0.0014 0.2090
id3-002 0.3168 0.0030 0.0202 0.0032 0.0020 0.1496
innovatrics-000 0.3392 0.0013 0.0087 0.0004 0.0027 0.3337
innovatrics-001 0.3392 0.0013 0.0087 0.0004 0.0027 0.3337
intellivision-001 0.5495 0.0052 0.0491 0.0042 0.0252 0.7025
isityou-000 04714 0.0022 0.0665 0.0010 0.0116 0.4586
itmo-002 0.5751 0.0068 0.0636 0.0029 0.0498 0.6985
morpho-000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
morpho-002 0.0572 0.0009 0.0000 0.0004 0.0007 0.0238
neurotechnology-001 0.2962 0.0000 0.0000 0.0000 0.0000 0.0163
neurotechnology-002 0.2043 0.0000 0.0058 0.0000 0.0014 0.1525
noblis-000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
ntechlab-002 0.0926 0.0009 0.0029 0.0005 0.0007 0.0584
ntechlab-003 0.0926 0.0009 0.0029 0.0005 0.0007 0.0584
pa-002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
rankone-002 0.0009 0.0001 0.0000 0.0000 0.0000 0.0855
rankone-003 0.0009 0.0001 0.0000 0.0000 0.0000 0.0855
samtech-000 0.5474 0.0052 0.0491 0.0042 0.0252 0.7023
shaman-000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
shaman-001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
tevian-000 0.3373 0.0011 0.0000 0.0012 0.0020 0.2661
tongyitrans-001 0.0000 0.0068 0.0462 0.0040 0.0055 0.0000
tongyitrans-002 0.3609 0.0078 0.0462 0.0040 0.0055 0.0000
toshiba-000 0.0000 0.0000 - 0.0000 - -
toshiba-001 - 0.0000 - 0.0000 - -
ultinous-000 - 0.0002 0.0000 0.0003 0.0000 0.0497
vcog-002 0.2209 0.0021 0.0087 0.0019 0.0007 0.1672
vigilantsolutions-002 0.3585 0.0010 0.0116 0.0004 0.0048 0.3262
vigilantsolutions-003 - 0.0008 0.0058 0.0004 0.0014 0.1336
visionlabs-001 0.2699 0.0014 0.0058 0.0014 0.0020 0.1803
visionlabs-002 0.3063 0.0021 0.0087 0.0026 0.0007 0.1865
vocord-002 0.3782 0.0015 0.0029 0.0037 0.0171 0.1992
yisheng-000 0.4277 0.0016 0.0173 0.0006 0.0020 0.1770
yisheng-001 0.4277 0.0016 0.0173 0.0006 0.0020 0.1770

[ yitu-000 [ 03475 [ 0.0015 [ 0.0029 [ 0.0013 [ 0.0014 [ 0.1591 |

Table 3: FTE is the proportion of failed template generation attempts. Failures can occur because the software throws an exception,
or because the software electively refuses to process the input image. This would typically occur if a face is not detected. FTE is
measured as the number of function calls that give a non-zero error code, OR that give a “small” template. This is defined as one
whose size is less than 0.3 times the median template size. This second rule is needed because some algorithms incorrectly fail to
return a non-zero error code when template generation fails.

! The effects of FTE are included in the accuracy results of this report by regarding any template comparison involving a failed template
enrollment to produce a low similarity score. Thus higher FTE results in higher FNMR.

FNMR(T)  “False non-match rate”
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5.4 Recognition accuracy

Core algorithm accuracy is stated via:

> Cooperative subjects

The summary table of Figure 2;

The visa image DETs of Figures 4 and 5;
The mugshot DETs of Figure 6 ;
The selfie-portrait DETs of Figure 7;

The webcam-portrait DETs of Figure 8;

> Non-cooperative subjects

The photojournalism DET of Figure 9

The sensitivity of photojournalism FNMR to relative yaw angles in Figure 10.

The sensitivity of photojournalism FMR to relative yaw angles in Figure 11.
The child-exploitation DET of Figure 12;
The child-exploitation CMC of Figure 13.

Figure 18 shows dependence of false match rate on algorithm score threshold. This allows a deployer to set a threshold
to target a particular false match rate appropriate to the security objectives of the application.

Figure 20 likewise shows FMR(T) but for mugshots, and specially four subsets of the population.

Note that in both the mugshot and visa sets false match rates vary with the ethnicity, age, and sex, of the enrollee and
impostor - see section 5.6.

FNMR(T)  “False non-match rate”
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5.5 Genuine distribution stability
5.5.1 Effect of birth place on the genuine distribution

Background: Both skin tone and bone structure vary geographically. Prior studies have reported variations in FNMR
and FMR.

Goal: To measure false non-match rate (FNMR) variation with country of birth.

Methods: Thresholds are determined that give FMR = {0.001, 0.0001} over the entire impostor set. Then FNMR is mea-
sured over 1000 bootstrap replications of the genuine scores. Only those countries with at least 140 individuals are
included in the analysis.

Results: Figure 21 shows FNMR by country of birth for the two thresholds.

Caveats: The results may not relate to subject-specific properties. Instead they could reflect image-specific quality dif-
ferences, which could occur due to collection protocol or software processing variations.

.5Q. FNMR(T)  “False non-match rate”
2018/01/25 11:59:09 FMR(T)  “False match rate”
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5.5.2 Effect of age on genuine subjects

Background: Faces change appearance throughout life. Face recognition algorithms have previously beeen reported to
give better accuracy on older individuals (See NIST IR 8009).

Goal: To quantify false non-match rates (FNMR) as a function of age. We do not aim to quantify ageing effects here as the
separation between two samples is limited to just a few years.

Methods: Using the visa images, thresholds are determined that give FMR = 0.001 and 0.0001 over the entire impostor
set. Then FNMR is measured over 1000 bootstrap replications of the genuine scores.

Results: For the visa images, Figure 22 shows how false non-match rates for genuine users, as a function of age group.
The notable aspects are:

> Younger subjects give considerably higher FNMR. This is likely due to rapid growth and change in facial appear-
ance.

> FNMR trends down throughout life. The last bin, AGE > 72, contains fewer than 140 mated pairs, and may be
affected by small sample size.

Caveats: None.

FNMR(T)  “False non-match rate”

2018/01/25 11:59:09 FMR(T)  “False match rate”
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5.6 Impostor distribution stability
5.6.1 Effect of birth place on the impostor distribution

Background: Facial appearance varies geographically, both in terms of skin tone, cranio-facial structure and size. This
section addresses whether false match rates vary intra- and inter-regionally.

Goals:
> To show the effect of birth region of the impostor and enrollee on false match rates.

> To determine whether some algorithms give better impostor distribution stability.

Methods:

> For the visa images, NIST defined 10 regions: Sub-Saharan Africa, South Asia, Polynesia, North Africa, Middle
East, Europe, East Asia, Central and South America, Central Asia, and the Caribbean.

> For the visa images, NIST mapped each country of birth to a region. There is some arbitrariness to this. For exam-
ple, Egypt could reasonably be assigned to the Middle East instead of North Africa. An alternative methodology
could, for example, assign the Philippines to both Polynesia and East Asia.

> FMR is computed for cases where all face images of impostors born in region r, are compared with enrolled face
images of persons born in region r;.

N f(s, — T
FMR(ry, 79, T) = 2 ~ (5i ) (5)
71,72

where the same threshold, T, is used in all cells, and H is the unit step function. The threshold is set to give FMR(T)
=0.001 over the entire set of visa image impostor comparisons.

> This analysis is then repeated by country-pair, but only for those country pairs where both have at least 1000 images
available. The countries' appear in the axes of graphs that follow.

> The mean number of impostor scores in any cross-region bin is 33 million. The smallest number of impostor scores
in any bin is 135000, for Central Asia - North Africa. While these counts are large enough to support reasonable
significance, the number of individual faces is much smaller, O(N°-5).

> The numbers of impostor scores in any cross-country bin is shown in Figure 123.

Results: Subsequent figures show heatmaps that use color to represent the base-10 logarithm of the false match rate.
Red colors indicate high (bad) false match rates. Dark colors indicate benign false match rates. There are two series of
graphs corresponding to aggregated geographical regions, and to countries. The notable observations are:

> The on-diagonal elements correspond to within-region impostors. FMR is generally above the nominal value of
FMR = 0.001. Particularly there is usually higher FMR in, Sub-Saharan Africa, South Asia, and the Caribbean.
Europe and Central Asia, on the other hand, usually give FMR closer to the nominal value.

> The off-diagonal elements correspond to across-region impostors. The highest FMR is produced between the
Caribbean and Sub-Saharan Africa.

> Algorithms vary.

IThese are Argentina, Australia, Brazil, Chile, China, Costa Rica, Cuba, Czech Republic, Dominican Republic, Ecuador, Egypt, El Salvador, Germany,
Ghana, Great Britain, Greece, Guatamala, Haiti, Hong Kong, Honduras, Indonesia, India, Israel, Jamaica, Japan, Kenya, Korea, Lebanon, Mexico,
Malaysia, Nepal, Nigeria, Peru, Philippines, Pakistan, Poland, Romania, Russia, South Africa, Saudi Arabia, Thailand, Trinidad, Turkey, Taiwan,
Ukraine, Venezuela, and Vietnam.

FNMR(T)  “False non-match rate”
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FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION 42

digitalbarriers_001 =
camvi_001 = °
yisheng_001 = o
fdu_001 =
samtech_000 =
fdu_000 =
morpho_000 =
visionlabs_002 =
dermalog_004 = °
ntechlab_002 =
vocord_002 =
vocord_001 =
isityou_000 = o
ultinous_000 =
id3_002 -
cyberextruder_001 =
id3_001 =
dermalog_003 = e
neurotechnology_002 =
neurotechnology_001 =
3divi_001 =
3divi_002 -
rankone_002 =
ayonix_000 =

isystems_000 = eregion

e CSAMERIC

€  vigilantsolutions_003 =
= ho 002 EASIA
= morpho -
S pro— POLY
< itmo_002 = SASIA
tevian_000 - e SSAFRICA
ntechlab_003 = °

digitalbarriers_000 =
itmo_003 =
tevian_001 =
rankone_003 =
vigilantsolutions_002 =
yitu_000 =
tongyitrans_001 =
yisheng_000 =
innovatrics_001 =
innovatrics_000 =
aware_000 =
aware_001 =
vcog_002 = °
noblis_000 =
pa_002 =
shaman_001 =
cogent_000 =
toshiba_001 =
tongyitrans_002 =
visionlabs_001 = °
toshiba_000 = °
intellivision_001 =

shaman_000 =

! ! ! !
0.001 0.003 0.010 0.030 0.100
False match rate (FMR)

Figure 23: For the visa images, the dots show FMR for impostor comparisons of individuals of the same sex and same age group for
the region of the world that gives the worst (highest) FMR when the threshold is set to give FMR = 0.001 (red vertical line) over all
O(10'°) impostor scores i.e. zero-effort. The shift of the dots to right shows massive increases in FMR when impostors have the same
sex, age, and region of birth. The color code indicates which region gives the worst case FMR. If the observed variation is due to the
prevalence of one kind of images in the training imagery, then algorithms developed on one kind of data might be expected to give
higher FMR on other kinds.
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> We computed the same quantities for a global FMR = 0.0001. The effects are similar.

Caveats:

> The effects of variable impostor rates on one-to-many identification systems may well differ from what’s implied
by these one-to-one verification results. Two reasons for this are a) the enrollment galleries are usually imbalanced
across countries of birth, age and sex; b) one-to-many identification algorithms often implement techniques aimed
at stabilizing the impostor distribution. Further research is necessary.

> Inprinciple, the effects seen in this subsection could be due to differences in the image capture process. We consider
this unlikely since the effects are maintained across geography - e.g. Caribbean vs. Africa, or Japan vs. China.

FNMR(T)  “False non-match rate”
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Figure 123: For visa images, the heatmap shows the count of impostor comparisons of faces from different individuals who were born in the given country pair.
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5.6.2 Effect of age on impostors

Background: This section shows the effect of age on the impostor distribution. The ideal behaviour is that the age of the
enrollee and the impostor would not affect impostor scores. This would support FMR stability over sub-populations.

Goals:
> To show the effect of relative ages of the impostor and enrollee on false match rates.

> To determine whether some algorithms have better impostor distribution stability.
Methods:

> Define 14 age group bins, spanning 0 to over 100 years old.

> Compute FMR over all impostor comparisons for which the subjects in the enrollee and impostor images have ages
in two bins.

> Compute FMR over all impostor comparisons for which the subjects are additionally of the same sex, and born in
the same geographic region.

Results:
The notable aspects are:
> Diagonal dominance: Impostors are more likely to be matched against their same age group.

> Same sex and same region impostors are more successful. On the diagonal, an impostor is more likely to succeed
by posing as someone of the same sex. If Alog;, FMR = 0.2, then same-sex same-region FMR exceeds the all-pairs
FMR by factor of 10°-2 = 1.6.

> Young children impostors give elevated FMR against young children. Older adult impostor give elevated FMR
against older adults. These effects are quite large, for example if Alog,, FMR = 1.0 larger than a 32 year old, then
these groups have higher FMR by a factor of 10* = 10. This would imply an FMR above 0.01 for a nominal (global)
FMR = 0.001.

> Algorithms vary.

> We computed the same quantities for a global FMR = 0.0001. The effects are similar.

Note the calculations in this section include impostors paired across all countries of birth.

FNMR(T)  “False non-match rate”

2018/01/25 11:59:09 FMR(T)  “False match rate”



145

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[e 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSIHIP WO S90vf JO suosLiedurod 103sodur 1940 paAIasqo ydjeur aspey smoys deuneay oy ‘saSewr esia uo Sunerado [00-TAIpE UnrioSye 10 g1 9indL]

99||04ud Jo aby

D P
O
1 1

& A@ %& ,&J
& o
1

%
‘bc“J
&
%
%
%

¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢Sl

-[¥'0)

- (0T'%0)

-lot'0m)

- [oz'oT)

- ve'02)

- [82'v2)

- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

sired 10)sodwi uoibal swes pue xas awes sired Joysodwi ||y

-

- z- €- G- 9-
[ - O
*AlreqolB T000°0 = (1L)"IN- BuIniB 'TO0™ IApE wyiloble 1o} 668° = L PIoysalyl 1e JIN- abe ssoi1)

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



146

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[e 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSIDIP WO S90vf JO suosLIiedurod 103sodur 1940 paAIasqo ydjeur aspey smoys deuneay oy ‘saSewr esia uo Sunerado ggg-1Apg wrioSye 1o 671 9indLy

99||04ud Jo aby

D P
O
1 1

& A@ %& ,&J
& o
1

%
‘bc“J
&
%
%
%

¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢Sl

-[¥'0)

- (0T'%0)

-lot'0m)

- [oz'oT)

- ve'02)

- [82'v2)

- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

sired 10)sodwi uoibal swes pue xas awes sired Joysodwi ||y

-

- z- €- G- 9-
[ - O
*AllreqolB T1000°0 = (L)"IN- BuIniB ‘200" Inpe wiyiloble 1o} 668° = L PIoysalyl 1e JIN- abe ssoin

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



147

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSISHIP WOy Saoey jo suostieduwod 1ojsodwir 1940 paa1asqo yojewr asfey smoys deuneay ayj ‘saSewr esia uo Sugerado ggp-areme wyjLioSye 10 :9z71 9Ly

99||04ud Jo aby

-[r'0)

- (01'v0)

-[ot'om)

- [oz'91)

- [rz'02)
- [82've)

- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

67— 0'S- We= 09— 09— 09—

sired Joysodwi ||y

V- G- 9-

S
*AlreqolB T1000°0 = (1L)"IN- Buinib ‘000 aseme wyiloble 1o} 6207 = L PIoysalyl 1e JIN- abe ssoi)

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



148

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSISHIP WOy Saoey jo suostieduwod 1ojsodwir 1940 paa1asqo yojewr asfey smoys deuneay ayj ‘saSewr esia uo Sugerado [gp-areme wyjLioSye 104 /7] 9Ly

99||04ud Jo aby

-[r'0)

- (01'v0)

-[ot'om)

- [oz'91)

- [rz'02)
- [82've)

- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

67— 0'S- We= 09— 09— 09—

sired Joysodwi ||y

V- G- 9-

S
*AllreqolB T1000°0 = (L)HIN- Buinb ‘'To0 aseme wyiloble 1o} 6207 = L PIoysalyl 1e YIN- abe ssoi)

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



149

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod opsodur (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSISJJIP WOIJ $a0¥f JO suostredurod 103sodulr 19A0 paAIasqo yojewt asfey smoys deunjeay ayj ‘saSewr esta uo Sugjerado gop-xruole ungrioSe 104 :gzT amSi]

99||04ud Jo aby

2RO )

A@ O&J &AJ OAJ e
L Vv O & ) N\ 3 “
Q 8 S Q@ Q@ Q Q@ Y Q@ A\ @ Q@ ©

RO SR SR AR R R AN SO CORRNSR AN R

[v'0)

(0T'%0)

[oT'0T)

[oz'oT)

[vz'02)

[82'v2)

[ee'82)

[oe‘ze)

Jo1sodwi jo aby

[ov'9e)

[8t'01)

[os'8Y)

[r9'95)

[e2'v9)

[ozt'2s)

sured Joysoduwil ||y

sired Joysodwi uoifial sWes pue xas awes

- - o V- G- 9-

[ Rk
*AlreqolB T000°0 = (L)HIN- Buinib ‘000 x1uoke wiynioble 1oy 6T6°0 = L Ploysalys 1e YN abe ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



150

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[e 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[eNPIAIPUI JUSISJJIP WOIj S308] Jo suosireduod 103sodul 1oA0 paAIasqo yojewr asfey smoys deunjeay ayy ‘saSewr esia uo Sunerado [op-1aured unpiosye 104 6z amSi]

99||04ud Jo aby

2RO )

A@ O&J &AJ OAJ e
L Vv O & ) N\ 3 “
Q 8 S Q@ Q@ Q Q@ Y Q@ A\ @ Q@ ©

RO SR SR AR R R AN SO CORRNSR AN R

[v'0)

(0T'%0)

[oT'0T)

[oz'oT)

[vz'02)

[82'v2)

[ee'82)

[oe‘ze)

Jo1sodwi jo aby

[ov'9e)

[8t'01)

[os'8Y)

[r9'95)

[e2'v9)

[ozt'2s)

sured Joysoduwil ||y

sired Joysodwi uoifial sWes pue xas awes

- - o V- G- 9-

[ Rk
*AlreqolB T000°0 = (L)Y Buinib ‘TO0 IAwed wiyioble 1oy T89°0 = 1 Ploysalyi 1e YN abe ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



151

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSISHIP WOIy Sadef JO suostredurod ropsodurr 1040 paAIasqo yojewr asfey smoys deunjeay ayg “saSeur esia uo Sunerado ggp-1uadod unparro8ye 1o :0g] 9Ly

99||04ud Jo aby

-[r'0)

- (01'v0)
-[ot'om)
- [oz'91)
- [rz'02)
- [82've)
- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

29 95— 09-  09- 09-  09- 09—

sired Joysodwi ||y

V- G- 9-

L
"AlredolB T000°0 = (L)HINH Buinib ‘000 1uaboo wyiioble 1o} 000 ¥9SE = L Ploysalyl 1e YINH abe sso1D

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



152

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘aye8 j10dssed e ‘ojdurexs 105 ‘03 Ajiqersuna Ajrmoas e juasaid siojod JySry 10jod a3 Aq papoo ey se Ajyuenb awes ay) S9AIS x0q yowea ur x93 9y ‘suosLiedwod
To3sodwr ((,0T)O I8 3240 [00°0 = YN 2AL3 03 AJ[eqo[S paxy pJoysaiy; UoRILZ0al e jsurede pajunod are saydjew asfe red a5e USAIS oy 2ALY Oym S[enpIAIpUL
JUaIafIp WoIj sa0¥f Jo suosiiedurod rojsodwt 1040 paAIasqo yojeur asfej smoys deurjeay ay ‘saSewr esta uo Sunerado [(p-1opnnxaraqAd unpriose 104 ¢ amSi]

99||04ud Jo aby

2RO )

A@ O&J &AJ OAJ e
L Vv O & ) N\ 3 “
Q 8 S Q@ Q@ Q Q@ Y Q@ A\ @ Q@ ©

RO SR SR AR R R AN SO CORRNSR AN R

[v'0)

(0T'%0)

[oT'0T)

[oz'oT)

[vz'02)

[82'v2)

[ce'82)

[oe‘ze)

Jo1sodwi jo aby

[ov'9e)

[8t'01)

[os'8Y)

[r9'95)

[e2'v9)

[ozt'2s)

sured Joysoduwil ||y

sired Joysodwi uoifial sWes pue xas awes

- - o V- G- 9-

[ Rk
"Areqol6 10000 = (L)AL Bunib *TO0 Japnuixalagho wyloble Joj 29/°0 = L ploysalyl e dINH abe ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



153

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘938 310dssed e ‘spdurexs 1oy ‘03 AjjIqeiauna Ajrmoas e jussaid s1ojod JySr 1o0jod ayj Aq papoo jey) se Aijnuenb sures ay) S9ALS X0q yora Ul 3xa) Y[
‘suostredwod 1o3sodw ((,,01)O 1€ 1940 [00°0 = YN 2418 03 A[[eqo[S paxy p[oysa1y} UOHIUS0a1 e jsurede pajunod ale saydjew asye, ared a8e usALS ayp aaey oym s[en
-PIAIpUT JUSISJJTP WOIJ S3dej Jo suostredurod 103soduir 1aA0 pastasqo ypjeur asfey smoys deunjeay sy ‘saSewr esia uo Sugjerado gop-Sofeurap ungrioSe 10 :zeT 2SIy

99||04ud Jo aby

2RO )

A@ O&J &AJ OAJ e
L Vv O & ) N\ 3 “
Q 8 S Q@ Q@ Q Q@ Y Q@ A\ @ Q@ ©

RO SR SR AR R R AN SO CORRNSR AN R

[v'0)

(0T'%0)

[oT'0T)

[oz'oT)

[vz'02)

[82'v2)

[ce'82)

[oe‘ze)

Jo1sodwi jo aby

[ov'9e)

[8t'01)

[os'8Y)

[r9'95)

[e2'v9)

[ozt'2s)

sired Joysodwi uoifial sWes pue xas awes sired Joysoduwi ||y

- - o V- G- 9-

[ Rk
*AllreqolB T1000°0 = (L)HIN- Buinib ‘€00 Borewlsp wiyiiobie 10y 8T/ '8 = 1 Ploysalyi 1e YN abe ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



154

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘938 310dssed e ‘spdurexs 1oy ‘03 AjjIqeiauna Ajrmoas e jussaid s1ojod JySr 1o0jod ayj Aq papoo jey) se Aijnuenb sures ay) S9ALS X0q yora Ul 3xa) Y[
‘suostredwod 1o3sodw ((,,01)O 1€ 1940 [00°0 = YN 2418 03 A[[eqo[S paxy p[oysa1y} UOHIUS0a1 e jsurede pajunod ale saydjew asye, ared a8e usALS ayp aaey oym s[en
-PIAIpUT JUSISJJTP WOIJ S3dej Jo suostredurod 103soduir 1aA0 pastasqo yojeur asfey smoys deunjeay sy ‘saSewr esia uo Sugjerado pp-Sofeurap unrioSe 10 :€gT ISy

99|04ud Jo aby

,A@ ovnv A%J OAJ ,00

P Q& QL
LR S M-S I R L) ISR
Q S A Q@ Q@ < Q@ S Q@ A @ Q@ © Q ©

, @ @ ¢ ¢ § ¢
[v'0)
(0T'v0)
lot'om)
loz'91)
lvz'02)
[8¢'ve)

[ee'82)

[og'ze)

Jo1sodwi jo aby

lov'og)

[8t'01)

[os'8Y)

[r9'95)

[e2'v9)

[ozt'2s)

sired Joysodwi uoifial sWes pue xas awes sired Joysodwi ||y

- - o V- G- 9-

[ Rk
*AlreqolB 1000°0 = (L)HIN- Buinb ‘00 Borewlsp wiyiiobie 10} 656°T8 = L Ploysaly 1e YN abe ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



155

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘aye8 j10dssed e ‘ojdurexs 105 ‘03 Ajiqersuna Ajrmoas e juasaid siojod JySry 10jod a3 Aq papoo ey se Ajyuenb awes ay) S9AIS x0q yowea ur x93 9y ‘suosLiedwod
1o3sodwr ((,0T)O [[8 3240 [00°0 = YA 2AL3 03 AJ[eqo[S paxy pJoysaiy} UonIIZ0al e jsurede pajunod ale saydjew asfe red a3e USAIS ayj 2AvY OyMm S[eNpIAIPUL
JuarayIp woxy saovey jo suostieduwod 10jsodwir 19A0 PaAIasqo yojewr asyey smoys deurjeay ayj ‘saSewr esia uo Sunerado ggp-siorLreqrerSp wyjriose 104 Fg andLy

99||04ud Jo aby

& & » Q
& W @@
1 1

%
‘bc“J
&
%
%
%

¢ ¢ ¢ ¢ ¢ ¢ ¢S

-[¥'0)

- (0T'%0)

-lot'0m)

- [oz'oT)

- ve'02)

- [82'v2)

- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

sured Joysodwi uoifal swes pue xas awes sured Joysoduwi ||y

- - o V- G- 9-

[ S Dt
"Areqol6 10000 = (L)AL Bunb ‘000" siaseqeNbip wynloble Joj 9%9°0 = L ploysalyl 1e dINH abe ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



156

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘aye8 j10dssed e ‘ojdurexs 105 ‘03 Ajiqersuna Ajrmoas e juasaid siojod JySry 10jod a3 Aq papoo ey se Ajyuenb awes ay) S9AIS x0q yowea ur x93 9y ‘suosLiedwod

103s0dwr (,,0T)O [[e 1940 1000 = YN 2ALS 03 A[eqoS paxyy proysery; uonruSodar e jsurede pajunod are saydjews aspe] red 9e UsAIS ayp aAey oym s[enprarpur
JURISIp WO S30vf jo suosLiedurod 10jsodurr 1940 paAIasqo ydjewr aspey smoys deuneay ayy ‘saSewr esia uo Sugerado [gp-siorLeqreISip wiyprioSe 10 :GgT amSny

99||04ud Jo aby

-[¥'0)

09- 09- 9 i i 09-

- (0T'%0)

-lot'0m)

- [oz'oT)

- ve'02)

- [82'v2)

- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

-lozt'es)
z5- 0'9- 0'9- 0'9- 0'9- 0'9-
sired 10)sodwi uoibal swes pue xas awes sired Joysodwi ||y

- - o V- G- 9-

Nl S
"Areqol6 10000 = (L)AL Bunb ‘TO0™ siauseqeNbip wyploble Joj 002°0 = L Ploysaly} 1e dINH abe ssoiD

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



157

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSIDHIP WOy S90vf jo suostieduwroo 1ojsodwir 1040 paarasqo yojewr asey smoys deueay ayj ‘saSewr esia uo Sunerado gg0-npj Wy3LoSe 10 :9¢T oLy

99||04ud Jo aby

-[r'0)

- (01'v0)
-[ot'om)
- [oz'91)
- [rz'02)
- [82've)
- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

09—

- lozt'2s)

sired 10)sodwi uoibal swes pue xas awes sired Joysodwi ||y

- - o V- G- 9-

M - O
*AlreqolB T1000°0 = (1L)"IN- Buinib ‘000 npj wiyiioble Joj 86/°0 = L PIoysalyl 1e JIN- abe ssoi)

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



158

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSIDHIP WOy S90ef jo suostieduwroo 1ojsodwir 1040 paarasqo yojewr asey smoys deueay ayj ‘saSewr esia uo Sunerado [g0-npj Wypriosye 104 /€T 9Ly

99||04ud Jo aby

-[r'0)

- (01'v0)
-[ot'om)
- [oz'91)
- [rz'02)
- [82've)
- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

97— 61— 0'G- 0'9-
sired Joysodwi ||y

V- G- 9-

L
*AlreqolB 1000°0 = (1L)"IN- BuiniB ‘'TO0 npj wyiloble 1o} 0G8°0 = L PIoysalyl 1e JIN- abe ssoi)

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



159

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUIDJTP WOIj Sa0kf Jo suostiedurod ro3sodulr 1040 paAtasqo yoyewr asfey smoys deunjeay ayy ‘saSewr esia uo Superado 10g-gpr unyitioSye 10 €T oSy

99||04ud Jo aby

2RO )

B AR N
L QP QT Qe e
N R R - R RN RN R R R SR A R SR

RO SR SR AR R R AN SO CORRNSR AN R

[v'0)

(0T'%0)

[oT'0T)

[oz'oT)

[vz'02)

[82'v2)

[ce'82)

[oe‘ze)

Jo1sodwi jo aby

[ov'9e)

[8t'01)

[os'8Y)

[r9'95)

[e2'v9)

[ozt'2s)

0't- Lb- - L5 09
sired Joysodwi uoifial sWes pue xas awes

sured Joysoduwil ||y

- - o V- G- 9-

[ Rk
*AlreqolB T000°0 = (1L)dIN- Buinib ‘To0 ep! wiyiioble 10 000 TTIZ = L PIoYsaiyl ¥e HINH abe ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



160

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUIDJTP WOIj $a0kf Jo suostiedurod ro3sodulr 1040 paAlasqo yoyewr asfey smoys deunjeay ayy ‘saSewr esia uo Superado zpg-gpr unyiiosye 10 €1 amSi]

99||04ud Jo aby

2RO )

A@ O&J &AJ OAJ e
L Vv O & ) N\ 3 “
Q 8 S Q@ Q@ Q Q@ Y Q@ A\ @ Q@ ©

RO SR SR AR R R AN SO CORRNSR AN R

[v'0)

(0T'%0)

[oT'0T)

[oz'oT)

[vz'02)

[82'v2)

[ce'82)

[oe‘ze)

Jo1sodwi jo aby

[ov'9e)

[8t'01)

[os'8Y)

[r9'95)

[e2'v9)

[ozt'2s)

sured Joysoduwil ||y

sired Joysodwi uoifial sWes pue xas awes

- - o V- G- 9-

O Rk
"Alreqolb 10000 = (L)HINL Buinb ‘2o0 gp! wyioble o) 000°6%79Z = L PIoysaiyl 1e JIN- abe ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



161

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘aye8 j10dssed e ‘ojdurexs 105 ‘03 Ajiqersuna Ajrmoas e juasaid siojod JySry 10jod a3 Aq papoo ey se Ajyuenb awes ay) S9AIS x0q yowea ur x93 9y ‘suosLiedwod
To3sodwr ((,0T)O I8 3240 [00°0 = YN PAL3 03 AJ[eqo[S paxy pJoysaiy} UoRIIZ0a1 e jsurede pajunod ale saydjew asfe red a5e USAIS ayj 2AvY Oym S[enpIAIpUL
JuaIayIp woIy sadej jo suostedurod 103sodwr 1040 paAlasqo yojeur asfey smoys deunjeay aj ‘saSewr esia uo Sunerado (p-soreAouur unprIoS[e 104 0F 9ISy

99||04ud Jo aby

2RO )

A@ O&J &AJ OAJ e
L Vv O & ) N\ 3 “
Q 8 S Q@ Q@ Q Q@ Y Q@ A\ @ Q@ ©

RO SR SR AR R R AN SO CORRNSR AN R

[v'0)

(0T'%0)

[oT'0T)

[oz'oT)

[vz'02)

[82'v2)

[ce'82)

[oe‘ze)

Jo1sodwi jo aby

[ov'9e)

[8t'01)

[os'8Y)

[r9'95)

[e2'v9)

[ozt'2s)

9v- 8-

sired Joysodwi uoifial sWes pue xas awes sired Joysoduwi ||y

- - o V- G- 9-

[ Rk
*Alreqol6 1000°0 = (L)HINL Buinib ‘000™ soureAouul wiyioble 10y 85Z°8S = 1 Ploysalys 1e YN abe ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



162

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘aye8 j10dssed e ‘ojdurexs 105 ‘03 Ajiqersuna Ajrmoas e juasaid siojod JySry 10jod a3 Aq papoo ey se Ajyuenb awes ay) S9AIS x0q yowea ur x93 9y ‘suosLiedwod
To3sodwr ((,0T)O I8 3240 [00°0 = YN PAL3 03 AJ[eqo[S paxy pJoysaiy} UoRIIZ0a1 e jsurede pajunod ale saydjew asfe red a5e USAIS ayj 2AvY Oym S[enpIAIpUL
JuaIayIp woIy sadej Jo suostredurod 103sodwr 1040 paAlasqo yojeur asfey smoys deunjeay aij ‘saSewr esia uo Sunerado [(p-soreAouUr UNpLIOS[e 10 [H] 9IS

99||04ud Jo aby

2RO )

A@ O&J &AJ OAJ e
L Vv O & ) N\ 3 “
Q 8 S Q@ Q@ Q Q@ Y Q@ A\ @ Q@ ©

RO SR SR AR R R AN SO CORRNSR AN R

[v'0)

(0T'%0)

[oT'0T)

[oz'oT)

[vz'02)

[82'v2)

[ce'82)

[oe‘ze)

Jo1sodwi jo aby

[ov'9e)

[8t'01)

[os'8Y)

[r9'95)

[e2'v9)

[ozt'2s)

sured Joysoduwil ||y

sired Joysodwi uoifial sWes pue xas awes

- - o V- G- 9-

[ Rk
*Alreqol6 1000°0 = (L)HINL BuInIb ‘TO0™ soureAouul wiyaoble 10y 9GT S = 1 Ploysalys 1e YN abe ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



163

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘aye8 j10dssed e ‘ojdurexs 105 ‘03 Ajiqersuna Ajrmoas e juasaid siojod JySry 10jod a3 Aq papoo ey se Ajyuenb awes ay) S9AIS x0q yowea ur x93 9y ‘suosLiedwod
1o3sodwr ((,0T)O I8 3240 [00°0 = YN 2AL3 03 AJ[eqo[S paxy pJoysaiy} UonIIZ0al e jsurede pajunod ale saydjew asfe red a3e USAIS ayj aAvYy Oym S[enpIAIpUL
JuaIafIp woly saoey jo suostredurod 10jsodulr 1940 paAIdsqo yojewr asfey smoys deuneay ayy ‘saSewr esia uo Sunerado [Q-UOISIAI[aUl WRLIOS[E 10 gk oInSLy

99||04ud Jo aby

-[r'0)

- (01'v0)
-[ot'om)
- [oz'91)
- [rz'02)
- [82've)
- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

0'G- 0'G- 0'9- 0'9-
sired Joysodwi ||y

V- G- 9-

S e 0Tl
*Aireqolb 100070 = (L)HIN Buinib ‘1o uoisiAl@1ul wyioBle 1o) £99°6% = 1 ploysaiyl 1e YN abe ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



164

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[& 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUAISJJIP WOIJ $90¥f JO suostredurod 103s0duwr 10A0 paAIasqo yojyew asyey smouys deunjeay ayg ‘saSewt esia uo Sunerado gpp-noAist unprioSe 104 ([ oSy

99||04ud Jo aby

2RO )

A@ O&J &AJ OAJ e
L Vv O & ) N\ 3 “
Q 8 S Q@ Q@ Q Q@ Y Q@ A\ @ Q@ ©

RO SR R AR R

[v'0)

(0T'%0)

[oT'0T)

[oz'oT)

[vz'02)

[82'v2)

[ee'82)

[oe‘ze)

Jo1sodwi jo aby

[ov'9e)

[8t'01)

[os'8Y)

[r9'95)

[e2'v9)

[ozt'2s)

sured Joysoduwil ||y

sired Joysodwi uoifial sWes pue xas awes

- - o V- G- 9-

[ Rk
*AlreqolB T000°0 = (1L)dIN- Buinib ‘000 noAus! wyiioBle 10} 861'€2 = L PIoysalyl 1e YIN- abe ssoin

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



165

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUIJJTP WIOIj S90¥J Jo suostiedurod 103sodur 1940 paAIasqo yojyew asfey smoys deunjeay ay ‘saSewr esia uo Supjerado gpg-suaysAst ungirioSe 1o Ff[ oSty

99||04ud Jo aby

P & P P P QL F

RO SR R AR R

S N S SRR RN R K A G LN R OIS

[v'0)

(0T'%0)

[oT'0T)

[oz'oT)

[vz'02)

[82'v2)

[ee'82)

[oe‘ze)

Jo1sodwi jo aby

[ov'9e)

[8t'01)

[os'8Y)

[r9'95)

[e2'v9)

[ozt'2s)

07— £p- - L' LS
sired Joysodwi uoifial sWes pue xas awes

sured Joysoduwil ||y

- - o V- G- 9-

[ Rk
*AllreqolB T000°0 = (1L)"IN- Buinb ‘000 swaisAs! wyiioBle 104 28270 = L Ploysaiy ¥e HiNH abe ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



166

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)

ay ] “suostredwod 1opsodur (,,01)O [[& 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSIDJIP WOIj Sadef jo suostiedwod 10jsoduir 1oA0 paAIasqo yojew asfey smoys deunyeay ayy ‘saSewr esia uo Surjerado gop-ounr wyjrLioSye 10 651 anSLy

09—

99||04ud Jo aby

-[r'0)

- (01'v0)
-[ot'om)
- [oz'91)
- [rz'02)
- [82've)
- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

LSS We= 0'9- LEH 09— 09— 09—

sired Joysodwi ||y

V- G- 9-

S
*AlredolB T000°0 = (1L)HIN- Buinib ‘200 ownl wyiioBe 1oj £89°866 = L PIOYsaiyl Ye HINH abe ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



167

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSISJJIP WO Sadef jo suostiedurod 10jsoduwir 1940 paAIasqo yojewr aspey smoys deurjeay ayj ‘saSewr esia uo unerado ggp-oydiow ungrioSye 104 9% 9Ly

99||04ud Jo aby

- (0T'%0)

-lot'0m)

- [oz'oT)

- ve'02)

- [82'v2)

- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

sired Joysodwi ||y

V- G- 9-

- O
*AllreqolB 1000°0 = (1L)HIN- Buinib ‘000 oydiow wynioble 1oy 80/ 98€E = 1 Ploysalyi 1e YN abe ssoiD

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



168

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSISJJIP WO Sadef jo suostiedurod 10jsoduir 1940 paAIasqo yojewr aspey smoys deurjeay ayj ‘saSewr esia uo unerado gop-oydiow ungriodye 104 :/F] 9inSLy

99||04ud Jo aby

-[¥'0)

09—

- (0T'%0)

-lot'0m)

- [oz'oT)

- ve'02)

- [82'v2)

- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

sired Joysodwi ||y

L
*AllreqolB 1000°0 = (1L)"IN- Buinib ‘200 oydiow wyioble 1oy 088'TO8E = L Ploysalyi 1e YN abe ssoiD

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



169

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘aye8 j10dssed e ‘ojdurexs 105 ‘03 Ajiqersuna Ajrmoas e juasaid siojod JySry 10jod a3 Aq papoo ey se Ajyuenb awes ay) S9AIS x0q yowea ur x93 9y ‘suosLiedwod
1o3sodwr ((,0T)O I8 3240 [00°0 = YN PAL3 03 AJ[eqo[S paxy pJoysaiy} UoRIIS0al e jsurede pajunod ale saydjew asfe ired a3e USAIS oy aAvYy Oym S[enpIAIpUL
JURIdJIp WOy $30vy jo suosLreduwod 10jsoduwir 1940 PaAIasqo yojeur aspey smoys deunyeay ayy ‘saSewr esia uo Sunerado [gp-ASojouyoajomau wyprioSe 104 :9F[ Sy

99||04ud Jo aby

-[¥'0)

09—

- (0T'%0)

-lot'0m)

- [oz'oT)

- ve'02)

- [82'v2)

- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

9Y- 67— 09—

sired 10)sodwi uoibal swes pue xas awes sired Joysodwi ||y

- - o V- G- 9-

HE X L
*Alreqol6 T1000°0 = (L)HINH Bunib ‘To0 ABojouyosioinau wiyiiobe Joj 009°Sy = L PIoysaiyl 18 Y4 8be sso1D

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



170

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘aye8 j10dssed e ‘ojdurexs 105 ‘03 Ajiqersuna Ajrmoas e juasaid siojod JySry 10jod a3 Aq papoo ey se Ajyuenb awes ay) S9AIS x0q yowea ur x93 9y ‘suosLiedwod
1o3sodwr ((,0T)O I8 3240 [00°0 = YN PAL3 03 AJ[eqo[S paxy pJoysaiy} UoRIIS0al e jsurede pajunod ale saydjew asfe ired a3e USAIS oy aAvYy Oym S[enpIAIpUL
JURIdJIp WOy $30vy jo suosLreduwoo 10jsoduwir 1940 PaAIasqo ydjeur aspey smoys deunyeay ayy ‘saSewr esia uo Sunerado gpp-ASojouyoajomau wprioSe 10 ‘65 2mSLy

99||04ud Jo aby

-[¥'0)

0'9-

- (0T'%0)

-lot'0m)

- [oz'oT)

- ve'02)

- [82'v2)

- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

sired Joysodwi ||y

V- G- 9-

-
*AlreqolB 10000 = (L)YINH Buinib ‘200~ ABojouyoaloinau wiyobe 1o} 065°E = L Ploysaly) 1e YN abe ssoiD

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



171

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSISJJIP WOIj S308] Jo suosireduiod 103sodur 1oA0 paAIasqo ydjewr asfey smoys deurjeay ayy ‘saSewr esia uo Sunerado gpp-sijqou unprioSye 104 (06T amSi]

99||04ud Jo aby

2RO )

A@ O&J &AJ OAJ e
L Vv O & ) N\ 3 “
Q 8 S Q@ Q@ Q Q@ Y Q@ A\ @ Q@ ©

RO SR SR AR R R AN SO CORRNSR AN R

[v'0)

(0T'%0)

[oT'0T)

[oz'oT)

[vz'02)

[82'v2)

[ce'82)

[oe‘ze)

Jo1sodwi jo aby

[ov'9e)

[8t'01)

[os'8Y)

[r9'95)

[e2'v9)

[ozt'2s)

sured Joysoduwil ||y

sired Joysodwi uoifial sWes pue xas awes

- - o V- G- 9-

[ Rk
*AlreqolB T000°0 = (1L)"IN- Buinib ‘000 stiqou wyiioBle 10} 099°0— = L P|oysalys 1e YN abe ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



172

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[& 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSIDJJIP WO Sa0v] JO suosLreduwroo 103sodur 1oA0 paAIasqo yojewr aspey smoys deunyeay ayj “soSewr esia uo Sunerado goo-qepyooiu unrrogye 104 1G] 9inSLy

99||04ud Jo aby

-[r'0)

- (01'v0)
-[ot'om)
- [oz'91)
- [rz'02)
- [82've)
- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

sired Joysodwi ||y

V- G- 9-

-
"Alreqolb 10000 = (L)HINA Buinib ‘200 gejyosiu wyioble 1o} 660°0 = L Ploysalyl 1e JiNd abe ssoid

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



173

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[& 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUIJJTP WOIJ $a0¥f Jo suostredurod 103sodulr 1oA0 paatasqo yojeur asyef smoys deunjeay ayp ‘saSewy esta uo Sunerado gop-qeqyoaju unpirioSe 10 :zGT amsi]

99||04ud Jo aby

2RO )

A@ O&J &AJ OAJ e
L Vv O & ) N\ 3 “
Q 8 S Q@ Q@ Q Q@ Y Q@ A\ @ Q@ ©

RO SR SR AR R R AN SO CORRNSR AN R

[v'0)

(0T'%0)

[oT'0T)

[oz'oT)

[vz'02)

[82'v2)

[ce'82)

[oe‘ze)

Jo1sodwi jo aby

[ov'9e)

[8t'01)

[os'8Y)

[r9'95)

[e2'v9)

[ozt'2s)

sured Joysoduwil ||y

sired Joysodwi uoifial sWes pue xas awes

- - o V- G- 9-

[ Rk
*AlreqolB 710000 = (L)YINA Buinib ‘€00 gelyosIu wyloBle Jof 652°€ = 1 Ploysaiyl 1e JINH abe ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



174

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘ae8 110dssed e ‘sjdurexs 105 ‘03 A)jiqesauna Ajrmoas e jussaid siofod JySry 10jod ayy Aq papoo jey) se Ainuenb suwres ay) soALS xo0q yora
ur 3x93 9y, “suostiedwod 1o3sodw ((,01)O [[ 1240 [00°0 = JINH 2AL3 03 A[[eqo[S paxy poysaiy} uonruSodar e jsurese pajunod are saydjew asye,] 1red a3e usALS ayp aaey
OYM S[EeNPIAIPUT JUSIDJJIP WO Sadef o suostieduwrod 1o3soduir 1oA0 paA1asqo yoyeur asfey smoys deuryeay ayj ‘saSewr esia uo Sunerado zgp-ed unprioSye 104 :g61 28y

99||04ud Jo aby

-[r'0)

- (01'v0)
-[ot'om)
- [oz'91)
- [rz'02)
- [82've)
- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

81— 67— We= 09— 6'G— 09— 09—

sired Joysodwi ||y

V- G- 9-

S
*Alreqol6 71000°0 = (L)HINL Buinb ‘200" ed wiyiioble 1oy 6£8°0 = 1 Ploysalys 1e YN abe ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



175

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSISJJIP WOIf Sadef jo suosLiedurod 103sodurr 1940 paAIasqo yojew asyey smoys deunjeay ayy ‘saSewr esia uo Supjeiado gop-auoxuer unpriogye 104 FGT oLy

99||04ud Jo aby

& A@ %& ,&J
& o
1

%
‘bc“J
&
%
%
%

¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢Sl

-[¥'0)

- (0T'%0)

-lot'0m)

- [oz'oT)

- ve'02)

- [82'v2)

- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

i sired 10)sodwi uoibal swes pue xas awes sired Joysodwi ||y

-

- z- €- G- 9-
[ - O
*AlreqolB T000°0 = (L)HIN- Buinib ‘200 auoues wiyioble 10y 95570 = 1 Ploysalys 1e YN abe ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



176

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSISJJIP WOIf Sadef jo suosLiedurod 103sodurr 1940 paAIasqo yoyew asyey smoys deunjeay ayy ‘saSewr esia uo Supjeiado gop-auoxuer unpriogye 104 66T oLy

99||04ud Jo aby

-[r'0)

- (01'v0)
-[ot'om)
- [oz'91)
- [rz'02)
- [82've)
- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

greH 09— 09— 9 f i 09— 09— 09—

sired 10)sodwi uoibal swes pue xas awes sired Joysodwi ||y

- - o V- G- 9-

M L
*AlreqolB T000°0 = (L)HIN- Buinib ‘00 auoues wiyioble 10y 0TL 0 = L Ploysalys 1e YN abe ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



177

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSISJJIP WOIf Sadef jo suosLiedurod 10jsoduir 1940 paAIasqo yoyew asyey smoys deunjeay ayy ‘saSewr esia uo Suryesado gpo-yoajures unpriogye 104 96T oLy

99||04ud Jo aby

-[v'0)
09— 09— 09— . B 09—

- (0T'%0)
- [ot'01)
- [oz'oT)
- [vz'02)
- [82'v2)
- [ze'82)

09—

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

Ly- 0'G— e= We= We= 09— 09—

i sired 10)sodwi uoibal swes pue xas awes sired Joysodwi ||y

- - o V- G- 9-

Nl S
*AlleqolB T000°0 = (1L)"IN- Buinib ‘000" Yosiwes wyiioble 1o 99/°08 = L Ploysaiyl ¥e HINH abe ssoid

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



178

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSISJJTP WOIJ S308] JO suostTedurod 103sodur 140 paAIasqo yojewt asyey smoys deurjeayy aijy ‘saSewr esta uo Sunesado gpp-ueureys unjjriosye 104 /6T amSi]

99||04ud Jo aby

N
R I e R AR R S
<

[v'0)

(0T'%0)

[oT'0T)

[oz'oT)

[ve'oe)

[82'v2)

[ee'82)

[og'ze)

Jo1sodwi jo aby

lov'og)

[8t'01)

[os'8Y)

[r9'95)

[e2'v9)

[ozt'2s)

[ Rk
*AllreqolB T1000°0 = (1L)"IN- Buinib ‘000" Ueweys wyiioble 10 026°0 = L PIoYsaiy) Ye HINH abe ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



179

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSISJJIP WO Sadef O suosLiedwrod 10jsodwir 1940 paAIasqo yojew asfey smoys deurjeay oy ‘sadewr esra uo Sugerado [p-urweys WyjLioSye 104 9G] oLy

99||04ud Jo aby

-[v'0)
- (0T'%0)
- [ot'01)

- [oz'oT)

09—

- ve'02)

- [82'v2)

- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

sired Joysodwi ||y

V- G- 9-

- O
*AlreqolB T1000°0 = (1)"IN- Buinib ‘'To0™ ueweys wyiioble 1o) G220 = L Ploysaiyl e JiNH abe ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



180

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[e 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSISJJIP WOIJ S30e] JO SUOSLIedod 103sodwr JoA0 PaAIasqo yojeu as[ey smoys deunjeay ayp ‘saSewr esia uo Sunjerado gp-ueras) unprioSe 104 (66T oSy

99||04ud Jo aby

2RO )

A@ O&J &AJ OAJ e
L Vv O & ) N\ 3 “
Q 8 S Q@ Q@ Q Q@ Y Q@ A\ @ Q@ ©

RO SR SR AR R R AN SO CORRNSR AN R

[v'0)

(0T'%0)

[oT'0T)

[oz'oT)

[vz'02)

[82'v2)

[ce'82)

[oe‘ze)

Jo1sodwi jo aby

[ov'9e)

[8t'01)

[os'8Y)

[r9'95)

[e2'v9)

[ozt'2s)

sured Joysoduwil ||y

sired Joysodwi uoifial sWes pue xas awes

- - o V- G- 9-

[ Rk
*AllreqolB 10000 = (L)YINA Buinib ‘000 UelAs) wiypoble Jo) 626°0 = L Ploysaly) 1e YN abe ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



181

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘aye8 j10dssed e ‘ojdurexs 105 ‘03 Ajiqersuna Ajrmoas e juasaid siojod JySry 10jod a3 Aq papoo ey se Ajyuenb awes ay) S9AIS x0q yowea ur x93 9y ‘suosLiedwod
To3sodwr ((,0T)O I8 3240 [00°0 = YN 2AL3 03 AJ[eqo[S paxy pJoysaiy} UoRIIZ0a1 e jsurede pajunod ale saydjew asfe red a8e USAIS ayj aAY Oym S[enpIAIpUL
JuaIdfIp WOy Saoey jo suostiedurod 1o3soduwir 10A0 paAIdsqo yojewr asjey smoys deuneay ayj ‘saSewr esia uo Sunerado [p-suenidSuoy ungrioSre 104 091 amSLy

99||04ud Jo aby

09-

- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

sired Joysodwi ||y

V- G- 9-

- O
*AlreqolB 710000 = (L)YINH Buinib ‘To0™ sueanABuol wyiioble 1o 0ZT'0T = L Ploysalyl 1e YIA- abe sso1D

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



182

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘aye8 j10dssed e ‘ojdurexs 105 ‘03 Ajiqersuna Ajrmoas e juasaid siojod JySry 10jod a3 Aq papoo ey se Ajyuenb awes ay) S9AIS x0q yowea ur x93 9y ‘suosLiedwod
To3sodwr ((,0T)O I8 3240 [00°0 = YN 2AL3 03 AJ[eqo[S paxy pJoysaiy} UoRIIZ0a1 e jsurede pajunod ale saydjew asfe red a8e USAIS ayj aAY Oym S[enpIAIpUL
JuaIdfIp woly Saoey jo suostiedurod 103soduwir 10A0 paAIdsqo yojewr asjey smoys deuneay ayj ‘saSewr esia uo Sunerado gop-suenidSuoy ungrioSre 104 191 amSny

99||04ud Jo aby

o
@
X

-[¥'0)

- (0T'%0)

-lot'0m)

- [oz'oT)

- ve'02)

- [82'v2)

- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

sured 1o1sodwi ||y

V- G- 9-

S
*AlreqolB T000°0 = (L)MINL Buinib ‘200~ suenABuo) wyiioble Joy T26°S = L ploysaiyl e yINH abe sso1D

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



183

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUISJIP WO S90vf jo suosLiedurod 10jsoduir 1040 paAIasqo yojewr asjey smoys deunyeay ayj ‘saSewr esia uo Sunerado g0-eqryso; wyirioSe 10 :z9] 9Ly

99||04ud Jo aby

S QO

¢ @@ ¢

-[r'0)

- (01'v0)
-[ot'om)
- [oz'91)
- [rz'02)
- [82've)
o

- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)
0'9- 0'9- 09—

sired Joysodwi ||y

G- 9-

L
*AlreqolB 1000°0 = (1L)"IN- BuiniB ‘000" Baiysor wyiioble 1of #1790 = L Ploysaiyl ye HINH abe ssoid

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



184

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUISJIP WO S90vf jo suosLiedurod 10jsoduir 1040 paAIasqo yojewr asfey smoys deunyeay ayj ‘saSewr esia uo Sunerado [0-eqryso; wyirioSe 10 :¢97 9Ly

99||04ud Jo aby

D P
O
1 1

-[r'0)

- (01'v0)

-[ot'om)

- [oz'91)

- [rz'02)
- [82've)

- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

G- G- SS 09—

sured 1o1sodwi ||y

- - o V- G- 9-

[ S
*AlreqolB T000°0 = (1L)"IN- BuInIB ‘'TO0™ eaiysor wyiioble 10 G09'0 = L PIoysaiyl Ye HINH abe ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



185

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[& 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSISJJIP WOIf Sa0ef Jo suosLIedurod 103sodur 1940 paAIasqo yojew asjey smoys deurjeay ayj ‘saSewr esia uo Sunyerado gop-snounn unriogye 104 F97 oLy

99||04ud Jo aby

-[r'0)

- (01'v0)
-[ot'om)
- [oz'91)
- [rz'02)
- [82've)
- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9€)
- [8v'0v)
- [os'8p)
- [¥9'95)
-[es'v9)

09—

- lozt'2s)

0'G— giGs We= 9 9 . i 6'S 09— 09—

sired 10)sodwi uoibal swes pue xas awes sired Joysodwi ||y

- - o V- G- 9-

M - O
*AlreqolB T000°0 = (1L)"IN- Buinib ‘000 snounin wyiioBle 1o 0£8°0 = L PIoYysaiy) Ye HINH abe ssoiD

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



186

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSISJJIP WO S3def Jo suosLredurod 1ojsoduwr 1040 paAIasqo yoyew asyey smoys deuneay ayg ‘saSewrr esia uo Sunerado ggp-S0o4 wiypLioSye 1o :G9] 9InSLy

99|04ud Jo aby

,A@ ovnv A%J OAJ ,00

P Q& QL
LR S M-S I R L) ISR
Q S A Q@ Q@ < Q@ S Q@ A @ Q@ © Q ©

, @ @ ¢ ¢ § ¢
[v'0)
(0T'v0)
lot'om)
loz'91)
lvz'02)
[8¢'ve)

[ee'82)

[og'ze)

Jo1sodwi jo aby

lov'og)

[8t'01)

[os'8Y)

[r9'95)

[e2'v9)

[ozt'2s)

sired Joysoduwil |1y

sired Joysodwi uoifial sWes pue xas awes

- - o V- G- 9-

[ Rk
*AllreqolB 10000 = (1L)HIN- Buinib ‘200 Booa wyiioBle 1oj 820 = L Ploysaiyl ye HINH abe ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



187

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘aye8 j10dssed e ‘ojdurexs 105 ‘03 Ajiqersuna Ajrmoas e juasaid siojod JySry 10jod a3 Aq papoo ey se Ajyuenb awes ay) S9AIS x0q yowea ur x93 9y ‘suosLiedwod
1o3sodwr ((,0T)O I8 3240 [00°0 = JNH 2AL3 03 AJ[eqo[S paxy pjoysaiy; UonIIS0al e jsurede pajunod are saydjew asfe 1red a3e USAIS ayj aAvYy oYM S[eNpIAIPUL
JuaIafIp woIy sadey jo suosiredurod 103soduir 1940 paAIasqo yojeur asyey smoys deunjeay ayy ‘saSewr esia uo Sunerado zpp-suonnosjuelISia unpriose 10 997 amSi]

99||04ud Jo aby

2RO )

A@ O&J &AJ OAJ e
L Vv O & ) N\ 3 “
Q 8 S Q@ Q@ Q Q@ Y Q@ A\ @ Q@ ©

RO SR SR AR R R AN SO CORRNSR AN R

[v'0)

(0T'%0)

[oT'0T)

[oz'oT)

[vz'02)

[82'v2)

[ce'82)

[oe‘ze)

Jo1sodwi jo aby

[ov'9e)

[8t'01)

[os'8Y)

[r9'95)

[e2'v9)

[ozt'2s)

sired Joysodwi uoifial sWes pue xas awes sired Joysoduwi ||y

- - o V- G- 9-

[ Rk
*AllreqolB T000°0 = (L)HIN- Buinib ‘200 suonnjosiue|ibia wyiioBle 1o) GTE ¥ = L ploysaiyl ¥e JiNH abe ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



188

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘aye8 j10dssed e ‘ojdurexs 105 ‘03 Ajiqersuna Ajrmoas e juasaid siojod JySry 10jod a3 Aq papoo ey se Ajyuenb awes ay) S9AIS x0q yowea ur x93 9y ‘suosLiedwod
1o3sodwr ((,0T)O I8 3240 [00°0 = JNH 2AL3 03 AJ[eqo[S paxy pjoysaiy; UonIIS0al e jsurede pajunod are saydjew asfe 1red a3e USAIS ayj aAvYy oYM S[eNpIAIPUL
JURISJIp WOy $30vf jO suosLieduwod 1ojsoduir 1940 paAIasqo yojew asfey smoys deuneay ayj ‘saSewr esia uo Sunerado gop-suonnjosyueiSia wyprioSe 104 /9] amSLy

99||04ud Jo aby

-[v'0)
- (0T'%0)
- [ot'01)

- [oz'oT)

094

- ve'02)

- [82'v2)

- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

sired Joysodwi ||y

V- G- 9-

S
*AlreqolB T000°0 = (L)HIN- Buinib ‘g00” suonnjosiue|ibia wyiioBle 1oj 80E'E = L Ploysaiy Ye HINH abe ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



189

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘938 310dssed e ‘spdurexs 1oy ‘03 AjjIqeiauna Ajrmoas e jussaid s1ojod JySr 1o0jod ayj Aq papoo jey) se Aijnuenb sures ay) S9ALS X0q yora Ul 3xa) Y[
‘suostredwod 1o3sodw ((,,01)O 1€ 1940 [00°0 = YN 218 03 A[[eqo[S paxy p[oysa1y} UOHIUZ0a1 e jsurede pajunod aie saydjew ase, ared ade UsALS ayp aaey oym s[en
-PIAIPUT JUSISJJIP WOIf S90f jo suosLiedurod 103sodulr 1940 paAIasqo ydjewr asfey smoys deurjeay ayj ‘safewr esia uo urjerado [00-Sqefuorsia wirioSe 104 991 28y

99||04ud Jo aby

S QO

@ @ ¢ ¢

-[r'0)

- (01'v0)
-[ot'om)
- [oz'91)
- [rz'02)
- [82've)
o

- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9€)
- [8v'0v)
- [os'8p)
- [¥9'95)
-[es'v9)

0'9-

- lozt'2s)

0'9- 0'9- 0'9-
sired 10)sodwi uoibal swes pue xas awes sired Joysodwi ||y

- - o V- G- 9-

HE X L
*AlreqolB T1000°0 = (L)HIN- BuInB ‘'TO0™ sge|uoisia wiyiioble 1oy 080°0 = L Ploysalys 1e YN abe ssoiD

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



190

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘938 310dssed e ‘spdurexs 1oy ‘03 AjjIqeiauna Ajrmoas e jussaid s1ojod JySr 1o0jod ayj Aq papoo jey) se Aijnuenb sures ay) S9ALS X0q yora Ul 3xa) Y[
‘suostredwod 1o3sodw ((,,01)O 1€ 1940 [00°0 = YN 218 03 A[[eqo[S paxy p[oysa1y} UOHIUZ0a1 e jsurede pajunod aie saydjew ase, ared ade UsALS ayp aaey oym s[en

-PIAIPUT JUSISJJIP WOIf S90f jo suosLiedurod 103sodulr 1940 paAIasqo ydjewr asfey smoys deurjeay ayj ‘sadewr esia uo urjerado gpo-sqejuorsia wirioSe 10 691 2y

99||04ud Jo aby

-[r'0)

- (01'v0)
-[ot'om)
- [oz'91)
- [rz'02)
- [82've)
- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

G- DS 0'9— ¥'S- 09— 09—

sired Joysodwi ||y

V- G- 9-

S
*AlreqolB 1000°0 = (L)HIN- BuInB ‘'200™ sge|uoisia wiyiioble 1oy 6/°0 = 1 Ploysalys 1e YN abe ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



191

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodur (,,01)O [[e 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSISJJIP WO $90kJ JO suosiredurod rojsodur 1oA0 paAIasqo yojeur astey smoys deurjeayy ay ‘saSewr esta uo Sunerado zop-prodoa unprrose 104 0/ amSi]

99||04ud Jo aby

2RO )

A@ O&J &AJ OAJ e
L Vv O & ) N\ 3 “
Q 8 S Q@ Q@ Q Q@ Y Q@ A\ @ Q@ ©

RO SR SR AR R R AN SO CORRNSR AN R

[v'0)

(0T'%0)

[oT'0T)

[oz'oT)

[vz'02)

[82'v2)

[ce'82)

[oe‘ze)

Jo1sodwi jo aby

[ov'9e)

[8t'01)

[os'8Y)

[r9'95)

[e2'v9)

[ozt'2s)

sured Joysoduwil ||y

sired Joysodwi uoifial sWes pue xas awes

- - o V- G- 9-

[ Rk
*AlreqolB T000°0 = (1L)HIN- BuIAB ‘200 p1020A wiyoble 1oy /98°0 = 1 Ploysalyi 1e YN abe ssoiD

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



192

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodui (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSISJJIP WO Sadef O suosLieduwrod 1ojsoduwir 1940 paAIasqo yojew asfey smoys deurjeay oy ‘sadewr esra uo Sungerado ggp-SusysiA wygrioSye 104 1/ 9inSLy

99||04ud Jo aby

-[r'0)

- (01'v0)
-[ot'om)
- [oz'91)
- [rz'02)
- [82've)
- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

6'G— 09— 09—

sired Joysodwi ||y

V- G- 9-

S
*AlreqolB T000°0 = (1L)"IN- Buinib ‘000 BuaysiA wyiioble 10 96T°9 = L ploysaiy Ye HINH abe sso1D

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



193

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod 1opsodui (,,01)O [[2 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSISJIP WO Sadef O suosLieduwrod 1ojsodwir 1940 paAIasqo yojew asfey smoys deunjeay ay ‘sadewr esria uo Sunerado 100-SuaysiA wygrioSye 104 :z/1 9nSLy

99||04ud Jo aby

-[v'0)
- (0T'%0)
- [ot'01)

- [oz'oT)

09+

- [vz'02)
- [82'v2)
- [ze'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

sired Joysodwi ||y

V- G- 9-

- O
*AlreqolB T000°0 = (1L)"IN- Buinib ‘'Too BuaysiA wyiioble 1oj 8/2°9 = 1 ploysaiyl e HNH abe ssoid

“False non-match rate”
“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



194

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

‘a8 110dssed e ‘sapdurexs 105 ‘03 Ajjiqesauna Aj1moas e jussaid s1ojod JySry 10jod a3 Aq papoo jey; se Ajjuenb awres sy S9ALS x0q yoea Ul 1xa)
ay ] “suostredwod opsodur (,,01)O [[e 1240 [00°0 = JINA PALS 03 A[[eqo]3 paxy pjoysaiy) uopruSodal e jsureSe pajunod a1e saydjew asfeq red aSe uaalS ayy aaey oym
S[ENPIAIPUI JUSIDHIP WOI Sa0ey jo suostiedurod 1ojsoduwr 1oA0 paAIasqo yojew aspey smoys deuneay ayy “saSewr esia uo unyerado ggo-miA ungirio8Sre 104 :g/1 ainSLy

99||04ud Jo aby

-[¥'0)
. ; o . ) ) o . . .

- (01'v0)
-[ot'om)
- [oz'91)
- [rz'02)
- [82've)
- [ee'82)

- [9g'z€)

J01s0dwi Jo aby

- [ov'9e)

- [sv'0p)

- [og'sp)

- [#9°'99)

- [22'v9)

- lozt'2s)

S'S— We= We= 09— 9 9 ) 09— 09— 09— 09—

sired 10)sodwi uoibal swes pue xas awes sired Joysodwi ||y

- - o V- G- 9-

N -
*AllreqolB 10000 = (L)"IN- Buinib ‘000 NiA wiyiioBre 1oj 860°0T = L PIOYsaiy) ¥e HINH abe ssoiD

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



195

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

AJe|nqedoA dlulswolq paziuowldeH /€ 1ed -- Alejnqedop
-- A8ojouyda) uonewlofu| Z¢-¢8€¢ D31/0SI 23s ‘Adeindoe yum op 031 asoyl puoAaq pue Suipnjaul ‘swua) suoly ‘Suilioday pue Sunsa]
SolIBWoIg S6/6T J31/0S] 40 s1ied snoliea syl 99s ‘spaepuels Sul1sal SI143DWOI] [ew.o) Ul paplaoad S| Alljesauasd pue |1e19p aJON

‘uo13dUNS UBISSNED) JSIBAUI

Y3 29 1y3iw uoiouny ay3 ‘AjpJes 210 "YIN4 4O sapedap 9|dinw Moys 03 ‘swyiiedo| Suisn Ajuowwod 1sow saxe ay3 ulwaoysued]
ul pue (YIAIN4 — T = YINL "8°9) 91eJ Jouud ue jo uswajdwod ay3 uiiold ur ‘Sjdwexs 40} 4SIP 1N UOIIDUN) SWES Y3 SAIDS 3SaY |
"(D0Y) ansi4e19eIRYD Sunesado J1aA1923J 4O SJ13S1Ia10eIRYD (13Q) JJ0dpPEeI] 10113 UOIIIDIBP PI||ed U0 aJe s3o[d JJoapeJy JoLId 3y L

‘1 yum Ajjearnnaweded (YIA4) 91ed yojew as|es “SA (YIAINL) 91ed ydlew-uou as|ey
s10[d SIYy} UOIIBDIHIBA JO4 "SJOLID uoledlyisse|d | 9dA] pue || adAL usamiaq JjoapeJs ay3 syuasaudal d13s14910.IRYD JJOBPERIY JOIID VY

*(JoJ1u02 ssadoe se yons) suolledijdde uonealyluaA ul pasn ale Joysodwi pue

auINU3Z 3j1IyM (SH23Yd punoudHdeq Jo ‘Yaieas JUdWIDJ04Ud Me| Se ydns) suoliedijdde uoiediyiuapl uj pasn Ajjeuoliipesy ale ajewuou
pue 91ew SpJOM 3Y| ‘S1ewuou Joj WAUOUAs e pasn si Joisodwil pJom syl pue ‘@1ew 4o SWAUOUAs aJe anuayine 4o auinuald

spJom 3y ‘sajdwes suosiad Juasayp Jo uosedwod wouy Sulwod ‘Sau03s djewuou Jo ‘sajdwes s,uossad auo Jo uosiiedwod

e WoJ) SulWOoId ‘S910IS djew JOYIS g ued $3J00s ‘9sed Aue u| "paAkaqo aJde saiuadold aupw usym Ajuo sajjdde siyi ‘oouelsip

e S| 9402S Ajlie[IWISSIP 9Y1 ‘S9SEI SWOS Ul "uo1}US023J SHI Ul PAsN 2Je SAIHJE|IWISSIP 3|IYyM ‘Swyiiod|e uoiudodal adey pue
junidiaBuly Aq paindwod Ajjeuoinipeuy aue sa402s Aje(iwis "djdoad juaiayip 21ed1pul sanjeA Jaysiy ased Yydiym ul ‘sa403s Ayuejiwissip
JO ‘uosJad swes ayl wouj swod 03 A|3y1| dJow aue sajdwes syl 1eyl a1eda1pul sanjeA Jaysiy ased Yyoiym ul ‘sa103s Ajejiwis

JOYMD 9q ued $2409S Uosiiedw o) ‘ploYsaIyl SWOsS S193W wWwylliod|e uoliudoaas syl Wods 9409S uosiiedwod AIIeU Byl USYM WISAS
J13dwWolq e AQ paJe|dap aJe saydley ‘dAIMsod as|ej e pa||ed si SIY} — Ydlew op suosiad om)] wod s9jdwes usaym Jnddo Ssio4ud | dAL
‘AjBuipuodsalio) ‘annesau asjey e pa||ed SI SIY} — Ydlew J0ou op uosiad auo Jo sajdwes oM] UdYM 4nddo s1o4J3 || 2dA] ‘salu1wolq U|

suoniulyag + swJaa] Adeandoy

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



196

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

'$4N220 J3aAau Ajjeanoesd
T-S646T J31/0SI Juens|aJ Ajjeuoniesado aie sanjea Y4 MO| ‘sploysa.yl ‘quasdulils SIY1 ‘S21432WOIq U] "SI04UD
993G "HIAI4 T:T 21eYy 40443 | adAL asnedaq paJinbas sAem|e 1sow|e s| 9|eas-307 2J0W Y1IM PaA3IYde SaNn(eA Y|d4 MO 0437 :21139wWolq 1aad ay |

‘Iley suondesuen djew |
40 ‘A ‘uonoeuy saye Ajuo saAlle3au 95|y Ul 9seatdul 3noyum Mmoj Ajeayigie
1ng ‘Ol39WoIq JUd|[3IX3 195 9q ued d)ed dANIsod as|e) — d|qedisap st 13@ 1el4

5 w08y

g wiy3os|y

(21el
uonedYIIaA,,
Y3 SIYIAING-T
“Juaws|dwod
ay1

I IRLEICT
40} WAuUOUAs

‘134 3ay3 Suoje syulod AL
Buneuado ||e je saidde
SIYL "V Uey} 23eandoe
2J0W S| g :SWa1sAs ‘Slaquuinu
s32Wolq [edidAy om) llews Bwﬂm
21eY UoIIedI4IIUIP| SA1ESN 3S|e4 = YIN4 Suiyorew N:T . M_um_w.mu._mo.“_
918y UOII3[3Y aS|eq = YY4  [BUOIdBSURIY T:IT E :
918y Ydlew-uUoN 3s|eq = YIAINS uynjew 1:T
sJ0443 || 9dAL
918y UOIIBIIJ1IUSP| DAIISOd 3S|ed = Y|d4 Suiyorew N:T
21ey 1dadoy as|e4 = Yy4  |euondesuesy T:T
a1ey YoieA as|ed4 = YA Suiyolew 11 \a.mmnmﬂ
J31/0SI ¥9S
o3 redh “(4WIN4 T:T) 218y
10443 || 9dAL

swyioS|e o uosedwo) ‘SIS ‘sarey

Jou3 :: T uoneyasdiaju) pue sansadold 134

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



197

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

T-S646T 231/0SI
996G "YIAI4 T:T 21ey 40443 | 9dAL

Juens|aJ Ajjeuoniesado aie sanjea Y4 MO|
asnedaq paJinbau sAemje 1sowe s| 9jeas-307

2J0W YHM PBA3IYIE SaN|eA Yldd MO

'sp|loysaJtyy quaguiis

-

‘uolHu802a4 N:T 404 JBqUINU [NgasSn
e30U SI'} "YIA4 d13sIeasun Ajjeuolesado
ue 03 spuodsatiod Ajjensn 3l ‘UOIIEDILIDA

T:T Ul 213s13e1s Adeandoe Alewwins
e se sejndod "IN = YIN4 uaym
13Q S955042 aul| (¥Y33) 1Y Joui] |enb3

"ld4 ul a8ueyd as.e|
© 0] 92UapuU0dsa.I02 12341 Sey
HIAINS Ul 23ueyd |lews v :s13d 1eld

‘134 ay3 3uoje syulod
Buneuado ||e je saidde
SIYyL "V ueyl e1eandoe
2Jow S| g :SWa1sAs
oudwolq [eaidAy om]

Y33 ‘uonejaidiaiu)
i1 Z uonejaudiaqu| pue sanuadoid 130

'243YMas|9 a1eandde
diow s g YN ysiyle g
ueyl Janeq sty uonnguasip
Jo350dwi Y3 Jo s|iel aya

Jo adeys juaJaylp Sunesipul
‘SS0J40 g pue \y 10y Ss13Q 9yl

(21el
uonedYIIaA,,
Y3 SIYIAING-T
“Juaws|dwod
ay1

I IRLEICT
40} WAuUOUAs
e sl 4IANA

‘siaquinu
||lews moys

o3 |eoidAy
si 9|eas-307

1-S6L6T
231/0sI 39S
*(YININA T:T) @30y
Joaa3 |1 adAL

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



198

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

T-G6£6T J31/0SI 23S "YINI4 10 ¥V
(0'1) T:T “did4 N:T) 91ey o413 | adAL

"juenajal Ajjeuoijesado ale sanjen Y4
MO| 9snedaq palinbal ualyo si 3|eas-507

'sploysaJyy 3uaguiis
alow a1 4aysIy yum
panalyde sanjen YA MOT

\
Y
\

.nwﬁm_w\_ suoljoesuel] a1ew
uﬁ ‘A ‘uonoeuy e Ajuo

g DuIBWOIq JUB|99X3
\

\
‘syutod sauyhsey 13@ ays ‘sSumas
Aunoas Yoy, pue ,wnipaw,,
‘Y8iy,, @a1y1 %._\s paing1juod auo
'8'2 ‘s2400s cOwtﬂaES Jo Jaquinu

paywi| e 3onpoud Yeys swaisAs Jo4

sey 13@ aya ‘uoisidap e Ajuo
2onpoJd 1eyy swaisAs 104

‘00 pue Q SP|oYysaJyl 01
Suipuodsa.109 (0°T) pue (1°0)
sjujod y3nouyy ssed s13q ||V

swialsAs 10 sjaselep ‘s1sa} |eapl-UoN
€ uonejasdiaju] pue sansadoid 13d

—
S
S\
\
\
\
\
*J1984e| 94 ||IM SJUBWINSEaW 3Y) Ul Ajulelsadun \
33 ‘sp|oysaJyl 8say1 1y ‘suosliedwod may \
AJan wouy apew aJe $21ewlilsa Y4 Pue NS usym i
sa8ueJ 91025 33 JO SpPUa 3yl 1e sund20 13 paddais v \
: \
1uiod auo
\
\

\

\

\

\

\
\
'saduel ay) JO pus ay1 1e paAlasqo aJe sa|dwes AN
Jorsodwi pue sauinuag yloq 1ey)l S21LdIpUl SIY] 0497 //
3u1aq YIN4 J0ou Y|d4 JaylIdu yum ‘ezep sjdwes ayy jo \
uonsneyxs saledipul sdois 1snl 1eyl o1siuaideleyd [3q VY | N
N\,
[N
\
| N
‘uoipdadsul uewny eia paajosal AjjeaidAy | | //
$J0J4J3 "@| @wes ay1 aJeys suosiad 1 \,
2JOW 10 OM] :SI0JJ3 YyinJ) punousd
<>
3|qissod sa1edipul 13@ ul asu dueys 1 X

(21el
uonedYIIaA,,
Y3 SIYIAING-T
“Juaws|dwod
ay1

I IRLEICT
40} WAuUOUAs
e sl 4IANA

‘siaquinu
||lews moys

o3 |eoidAy
si 9|eas-307

1-S6L6T
231/0sI 39S
*(YININA T:T) @30y
Joaa3 |1 adAL

(1'0)

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



199

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

T-6.£6T 231/0S!I
935 "(YIN4 T:T) 91eY Joau3 | 2dAL

*9|qIssod si uoisny |9A3| aejdwal ‘AjaJed auoN

'SUOISIDAP JO Syuel ulsn aUOp g OS|e Aew 1ng (UoBWIOUI
uolezijew.ou T-6ST62 D31/0SI Suish *3:8) |9A8| 24025 2y 18
pajuawsa|dwi AjjeaidAy st uoisny wiyiiogie-nINIAL g + v pasnd

g WyIos|y

uoljeuIquod ui pash swyios|y
i1  uonejaadiayu] pue saiadoid 130

"3U0|e pasn g Jo y 01 Joliajul
10U s13eyl | 3@ e 22npoud [|Im suojdesues}
I[e 104 g pUB ¥ SWYIIOS|Y Y304 J0 35N

"(9)13@ pue (v)13a 40 |Iny xaAu0d

JaMO| 3Y1 SI SIyl “13Q ||e42A0 3Y1 S| pal

Ul payJew |3Q 2A1193)J8 Y1 Uayl uonoesuel]
uaAI8 Aue Joj Ajwopueu pa1da|as S| duo

pue 3|ge|ieAe ale g pue y swyios|y yioq J|

(21el
uonedYIIaA,,
Y3 SIYIAING-T
“Juaws|dwod
ay1

I IRLEICT
40} WAuUOUAs
e sl 4IANA

‘siaquinu
||lews moys

o3 |eoidAy
s| 9|eds-807

v wiylos|y

1-S6L6T
231/0sI 39S
*(YININA T:T) @30y
Joaa3 |1 adAL

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



200

FRVT - FACE RECOGNITION VENDOR TEST - VERIFICATION

T-6.£6T 231/0S!I
935 "(YIN4 T:T) 91eY Joau3 | 2dAL

"juena|al Ajjeuoiesado ale sanjen Y4
MO| 9snedaq palinbal ualyo si 3jeas-50]

'SploysaJy}
‘quadulas auow o'l “4aysiy
UM PIAIYIE SaN|BA Y|AI4 MO

*|BDILISA JOU [BIUOZIIOY JBYIBU 3] ||IM
P|OYSa.4y3 JUBISUOD JO SUI| BY} PUB ISHIP ||IM S1oLID || 9dA] pue |
adA ] sy Ajjesauasd ‘(Joopino ‘sA Joopul) 4O (g pue y sedawed) Jo

(uswom pue usw) sa110391ed om) Joj paindwod aues|ia 4l D

‘S9AIND 2N|q 3Y1 40} ‘(g pue \¥) Mojag umoys aJe azis uoliejndod
Suruiaouod sased om]  "Ajuo (YIN4) Hidd4 ul @3ueyd ajedipul saul|
(|e21349A) |EIUOZIIOH "plOYSIY) dWES aY) o sjulod sulol aul| panop
9yl "a8ueyd |Im Yid4 pue YINd Yioq Ajjesauasd ‘suonendod Juaiayip
wouJy 4o ‘saipadoud Juaiayylp Jo saSewl Yyim pasn si X walsAs §|

X wyos|y

10 san4adoud aSew ul 98ueyd ‘spjoysaiyl
paxi4 :: g uoneyaadiadju) pue sanadouad 1340

soiydesSowap

T uonipuo)
‘X wyrod|y

Z uoripuod /

(21el
uonedYIIaA,,
Y3 SIYIAING-T
“Juaws|dwod
ay1

I IRLEICT
40} WAuUOUAs
e sl 4IANA

‘siaquinu
||lews moys

o3 |eoidAy
si 9|eas-307

1-S6L6T
231/0sI 39S
*(YININA T:T) @30y
Joaa3 |1 adAL

“False non-match rate”

“False match rate”

FNMR(T)
FMR(T)

2018/01/25 11:59:09



	Disclaimer
	News
	Changelog
	Metrics
	Core accuracy

	Datasets
	Child exploitation images
	Visa images
	Mugshot images
	Selfie images
	Webcam images
	Wild images

	Results
	Test goals
	Test design
	Failure to enrol
	Recognition accuracy
	Genuine distribution stability
	Effect of birth place on the genuine distribution
	Effect of age on genuine subjects

	Impostor distribution stability
	Effect of birth place on the impostor distribution
	Effect of age on impostors



